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High up in the North in the land called Svithjod, 
there stands a rock. It is a hundred miles high 
and a hundred miles wide. Once every thousand 


years a little bird comes to this rock to sharpen 
its beak. 


When the rock has thus been worn away, then a 
single day of eternity will have gone by. 


(Van Loon, 1951) 
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ABSTRACT 

In the Yellowknife greenstone belt gold-bearing schistose shear 
zones cut obliquely across vertical pillowed and massive basic volcanic 
rocks of the Archean Kam Formation. Data on the orientations of joints, | 
faults, veins, slickenside striae and fibrous mineral growths were col- 
lected from within the ASD shear zone of the Giant Mine in a series of 
straight line traverses on the 950, 1100, 1250 and 1500 levels of the 
mine near the "C" Shaft. The data were recorded on computer-oriented 
field sheets. A structural data file was built using DISCODAT, a com- 
puter-based system that allows data to be stored, retrieved and manipu- 
lated. Equal-area orientation diagrams were produced by the computer 
for all structural types for each of the levels and for certain subdivi- 
sions across the shear zone. The Terzaghi weighting factor, which is 
based on the angle between a structure and the line of Paves: was 
used in the preparation of these diagrams. 

A nearly vertical joint set with a dip-direction of N305° parallels 
schistosity within the ASD zone. Other common joint sets have orienta- 
tions of N210/87° and N100/60-90°. An approximately horizontal joint 
set is found locally. Two predominant groups of vertical faults have 
dip-directions of N270° and N335°. This conjugate set is bisected by 
the shear zone schistosity. The three major sets of veins have orien- 
tations of N90/85°, N185/85° and N240/75°. Eighty-seven percent of the 
lineations observed on fault and joint surfaces are fibrous growths, 
mainly of carbonate. The remainder are nearly all slickenside striae. 
All diagrams of lineations show a north-south girdle of points about a 


horizontal east-west axis. The orientations of the four most prominent 
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clusters of points are N10-10°, N20-75°, N180-70°, N185-20°. Less com- 
mon lineations plunge gently NE and SW. These lineations are traces 
freshmen ving the orthographic projection of a single line, which has an 
orientation N93-3°. This is the regional kinematic direction - thought 
to be one of extension owing to the predominance of fibrous slickensides. 

Assuming that deformation within the shear zone approximates to 
simple shear and that schistosity originated at 45° to the direction of 
Shear, it was concluded that the minimum shear strain and displacement 
across the ASD zone are 2.5y and 380 m, respectively, and that the X:Z 
strain ratio is about 8:1. Thin sections reveal that there was much 
microfaulting parallel to the foliation and that the simple shear model 
might not hold up to more rigorous analysis. However, similar figures 
for shear strains were derived from published orientation data for the 
Con (3.77) and Campbell (5.5y) shears. 

During regional metamorphism ductile deformation saw the develop- 
ment of the shear zones. Regional flattening then caused the Giant shear 
zone system to be folded and formed the antiform-synform pair. Later 
brittle deformation included faurting and jointing. Finally, fibrous 


mineral growth accompanied a regional east-west extension. 
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Chapter I 
INTRODUCTION 

Yellowknife is situated on the north side of Great Slave Lake in 
the Northwest Territories. The lake forms the southern boundaries of 
the Slave Structural Province, the rocks of which include extensive 
plutonic complexes and volcanic and sedimentary sequences. The basalts 
and andesites of the Yellowknife greenstone belt have been tilted on 
edge, and they have the north-south trend typical of the southern part 
of the Slave Province. The gold ore-bodies of the Giant Yellowknife 
Mine occur in schistose shear zones that strike subparallel to the 
greenstones. The gold is associated with quartz bodies localized by 
dilatancy within the shear zones. 

This thesis sets out to elucidate the structural geology of part 
of the Giant Mine with the help of computer processing. It also re- 
lates micro-structures to mesoscopic aspects of the geology, and applies 
these observations to the general structure of the Yellowknife area. 
Finally, simple strain analysis provides some data on the amount of 
deformation the rocks at Yellowknife have undergone. 

Structural data were collected from four levels of the Giant Mine 
near its 'C' Shaft. Observations were made along 4500 feet (1400 m) of 
drift and cross-cut walls in a series of straight line traverses, up to 
100 ft. long. Information was recorded on three types of specially 
designed, computer-oriented field-sheets. "Traverse line sheets" were 
used to record general information pertinent to each traverse. Non- 
penetrative planar structures such as joints, faults and veins were 


described on "discontinuity data sheets" according to type, orientation, 
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size, etc. These sheets were also used to record the orientation of 
various linear structures. The third field sheet, the "lithology data 
Sheet", was used to describe rock types and penetrative planar struc- 
tures. 

The first step in processing the data involved the creation of a 
data file. The information on the field sheets was punched onto com- 
puter cards and subsequently transferred to tape. A general search 
and retrieval program made it possible either to save permanently sub- 
sets of data, or to retrieve the data records and place them in a sep- 
arate file. Files of line numbers ("keys") referenced data subsets 
and made it unnecessary for the computer to scan the entire data file. 
Mathematical manipulation of the data was based on the use of direction 
cosines of unit vectors. A series of density diagrams of linears, 
poles to joints, etc., was generated using the computer. Inherent in 
the computer programs were corrections for the effects of non-random 
_ orientation of the traverse lines. 

Initial structural analysis was based on comparisons of stereo- 
grams for the 14 major keys. The second step involved comparing stereo- 
grams developed for combinations of these keys. Each structural type 
(joints, faults, veins, etc.) was investigated by level and by longitude 
(representing the various levels of the mine under study, and an arbi- 
trary division at certain mine grid eastings), and then by level and 
longitude combined. . 

Thin sections were investigated for micro-structures and veins. 
They were made from oriented samples collected from the study area, and 


from a diamond drill core drilled across the main Giant shear zone. A 
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number of thin sections were stained to distinguish between carbonate 
minerals. 

The analysis of strain across the ASD zone was based on a technique 
developed by Ramsay and Graham (1970) in which they used the orientation 
of the schistosity within a shear zone relative to the shear zone to 
investigate the change in strain across the zone. Having made certain 
assumptions, it was possible to derive figures for the strain across 
the ASD zone, the minimum displacement along it, and the strain ratio. 
Cruden's (1971) method of determining the peaional kinematic direction 
from the orientation of lineations on faults and joints was used and 


modified slightly to get an estimate of a late extension direction. 
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Chapter II 
GEOLOGY OF THE YELLOWKNIFE AREA 


A. GEOLOGIC SETTING 

The Slave Structural Province (fig. 1) underlies an area of about 
190,000 sq km in the northwestern Canadian Shield between Great Slave 
Lake and Coronation Gulf. It is bordered on the west by the Bear Prov- 
ince, and on the east and southeast by the Churchill Province. To the 
southwest is the Paleozoic cover of the Interior Platform and to the 
north are the flat-lying Paleozoic rocks of the Arctic Islands. The 
Slave Province has remained comparatively stable for the last 2500 mil- 
lion years: (McGlynn and Henderson, 1972). The rocks include highly 
deformed and variably metamorphosed Archean volcanic and sedimentary 
sequences separated by extensive plutonic complexes (McGlynn and Fraser, 
1972). The non-plutonic sequences are generally simple, comprising 
thick assemblages of greywacke-mudstone sediments that overlie subaque- 
ously extruded mafic volcanic rocks. Their structure is complicated. 
Whereas the more competent volcanic sequences commonly occur as steeply 
dipping homoclinal successions, an intricate pattern of refolding char- 
acterizes the sediments (McGlynn and Henderson, 1972; Fyson, 1975). The 
sedimentary and volcanic sequences outline three north-trending zones 
(McGlynn and Henderson, 1970), one of which extends into the south-central 
part of the Slave Province and underlies the area east of Yellowknife. 
Radiometric dates with a mean of 2480 m y suggest that deformation, meta- 


morphism and plutonism occurred during the Kenoran Orogeny. 
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In the Yellowknife area the greenstones, dated at about 2650 m y 
(Green, 1968; Green and Baadsgaard, 1971), are somewhat older than the 
granitic plutons - the Western and Southeastern Granodiorites and the 
Prosperous Lake Granite. A faulted synformal structure appears to run 


approximately north-south beneath Yellowknife Bay. 


B. STRATIGRAPHY 

The ‘Yellowknife Supergroup’ (Henderson, 1970) includes the diverse 
assemblages of Archean SE aineRE any and volcanic rocks within the Slave 
Province. In the Yellowknife area Henderson (1970) divided the 16 km 
pile of volcanic and sedimentary rocks that locally comprise the Yellow- 
knife Supergroup into two groups and six formations (see TiGa2)24 The 
predominantly volcanic Beaulieu Group consists of the Kam and Duck Forma- 
tions. The volcanic Banting Formation has not been assigned to a group. 
The largely sedimentary Duncan Lake Group contains the Jackson Lake, 
Burwash and Walsh Formations (Hoffman and Henderson, 1972). 

The west side of Yellowknife Bay is underlain mainly by the Kam and 
unconformably overlying Jackson Lake Formations. To the east the oldest 
rocks exposed belong to the Duck and conformably overlying Burwash and 
Banting Formations; locally the Walsh Formation rests directly on the 
Burwash Formation. 

1. _ The Kam Formation 

The Kam Formation comprises the northerly-trending ‘Yellowknife 
Greenstone Belt', consisting of about 9 km of mainly basaltic and ande- 
sitic volcanic rocks. Massive and pillowed flows, 1-150 m thick, crop 


out in roughly equal amounts. Lenses and sills of dacitic material, 
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Fig. 2. Generalized geology of the Yellowknife area. Modified 
from Hoffman and Henderson (1972). G: Giant Mine. 
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dykes of diabase and gabbroic rock, and agglomerates, breccias and tuffs 
of various types complete the succession (Henderson and Brown, 1952, 
1966). 

The massive flows are relatively coarse and for the most part lack 
internal structures. Consequently, the coarser flows and intrusive sills 
are very difficult to tell apart if the contacts are hidden (Henderson 
and Brown, 1952, 1966). The internal structure of the pillowed flows is 
everywhere well developed and from place to place the contacts are marked 
by layers of flow breccia, fragmental breccia or tuff. Although a few 
flows have a pillowed upper part and a massive, coarser-grained lower 
part, most are either pillowed or massive throughout. Commonly, tuffs 
rest directly on pillowed flows and infill the interstices between the 
uppermost pillows. 

Certain of the pillows are variolitic. The spherules, up to 10 mm 
across, are most distinct on weathered surfaces, where they are greener 
in colour and more resistant to erosion. Henderson and Brown (1952, 1966) 
reported them as being composed of a very fine-grained mixture of epidote, 
hornblende and oligoclase, and rather richer in feldspar than the rock as 
a whole. The few flows that contain spherules are useful markers in the 
Somewhat monotonous greenstone assemblage and they can be traced for long 
distances along strike. 

Rare phenocrysts, up to 20 mm across, occur in a few basalt and an- 
desite lavas towards the top of the sequence. The Townsite flows, which 
lie northwest of Yellowknife townsite, comprise a 400 m thick assemblage 
of porphyritic quartz-feldspar meta-dacite flows, and associated agglom- 


erates, breccias and tuffs. A large meta-gabbro sill divides the flows 


into two units. 
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Pyroclastic rocks occur throughout the volcanic sequence but are 
more abundant in the upper parts. Agglomerates and breccias occur in 
irregular bands whose average thickness is about 2-3 m, but which locally 
attain thicknesses of several hundred meters. The bands are continuous 
and maintain a constant orientation. Most are composed of fragments up 
to 0.5 m across which have the composition of the enclosing lavas. Tuffs 
occur in continuous bands 50 mm to more than 35 m thick, that can be 
traced along strike for several kilometers. Coarse, feldspar crystal 
tuffs are found together with fine, well bedded, cherty types. 

2. The Jackson Lake Formation 

The Jackson Lake Formation lies with small angular unconformity on 
the Kam Formation. A basal conglomerate, of mainly local mafic volcanic 
derivation, is overlain by fine-grained, silicic, volcanic, lithic wackes, 
minor mudstones, and scattered conglomerate horizons. The formation is 
faulted against the overlying Banting Formation so the top is nowhere 
exposed. A maximum thickness of 240 m is reached (Henderson, 1970). 

3. The Duck Formation 

The Duck Formation consists of intermediate volcanic rocks. Although 
they are less basic and contain more associated glassy material than the 
Kam volcanics, pillowed flows are common, and Henderson (1970) considered 
them to be the eastward lateral extension of the Kam Formation. The base 
of the Duck Formation is not exposed. 

4. The Burwash Formation 

Estimated to be about 4600 m thick (Hoffman and Henderson, 1972), 

the Burwash Formation consists of interbedded greywackes and slates con- 


- formably overlying the Duck Formation and underlying the Banting Forma- 


cn poe Ce gS tetera bettas 3 : 

Wiade sttooed, hws Spenem ge . cha ven 

oud vp €-2 Digdernt 24 eaanprbdt peorves 

' ee baviweath henavine te sae 
Te tL per ms enn 

wT ee ax(zolsrs wt “we merSteodnga, odd wero 

nh a3. te HO ck aeAtvewwn of te tance) soba nck 

feast aa 00 peieete (EM Trias yaitde ih 

heads deobbed | fon aan 125i eqtsagar nye 64 

“Robs orig SNe komen sites A 

wayne saiticd valent lena Gale ieee hgediot att a 

271 abl ante 2a RTE peaC | eho detsd: Ao thee ate 


a 


siace JE? . dT aad 


teil t, Vor sipegaet al msivazagt 
2) vitae? sil enotfnod ad Pagty geo Viphad gigs Wea kare eteee 
sisAincin. 21 i. + 72 ee) ample Sad peel aay eter ha ated 
GEM ceertnt) jb et viet Besa NS trans: al 
ee se ee 
Aaansts veteny ainea te agotherendiy te earn eonA OH ce 
drags. taitelian gana Lecter nasienh ste tibetan uns. Fad assl wie pee 
enehh anos (8!) arpistiat wt ,Temggs os mnt heal Ta tan fee aa» 
ved sit DOES sere? win ot Yo euteasess. frac! Canine, att: ed of van ‘7 


beth 260 3 snkougnn doud on2 a 
- — as onkgentet dean’ att 28 Kd. 
ATCT .woridians tite wien) saPte GRAF sunks sacd terete |. a 
“em eeteir Bye 247: wore Plea mi Ades tela a) ‘pire + ees sib 
he ne tere: ane si aphilaey ctcammeties 


<_ 
: 


J 
ae 


tion. Henderson (1970) noted that the Burwash Formation ‘grades into' 
the Walsh Formation. A 
5. The Banting Formation 

The Banting Formation is volcanic in origin and variable in compo- 
Sition, with porphyritic dacite flows, felsic volcanics, pillowed ande- 
sites and crystal tuffs. Henderson (1970) postulated that it represents 
an eastward extension of silicic volcanic units that once capped the 
Kam Formation. The formation thins southeastwards from about 1300 to 
about 800 m. A fault or a major shear zone separates it from the under- 
lying Jackson Lake rocks (Henderson, 1970). Relationships with the un- 
derlying Burwash and overlying Walsh Formations are obscure but the for- 
mations appear to be conformable. 
6. The Walsh Formation 

Along the shores of Walsh Lake, the shales, siltstones and greywackes 
of the Walsh Formation lie stratigraphically above the Banting Formation. 
Although the contact between the Walsh and Burwash Formations is obscured 
by Pleistocene sand, Henderson (1970) suggested it is gradational. Owing 
to its deformed nature and the absence of an upper contact, Henderson gave 


no estimate of the thickness of the formation. 


C. IGNEOUS ROCKS 
In the Yellowknife area the Yellowknife Supergroup has been intruded 
by three major granitic plutons and several lesser igneous bodies. 


i The Southeastern Granodiorite 


A foliated biotite granodiorite grading to quartz diorite around its 


western flanks, the Southeastern Granodiorite was emplaced at the begin- 
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ning of the Kenoran Orogeny, 2620-2640 m y ago (Green, 1968; Green and 
Baadsgaard, 1971). It has a narrow metamorphic aureole (Jolliffe, 1942), 
a lobate outline and contacts suggesting diapiric emplacement (Ramsay, 
1973). Green (1968) noted that the western section contains many meta- 
volcanic xenoliths, but pointed out that boulders of the pluton form a 
substantial part of the conglomerate horizon in the Sub Islands. He 
warned that if the Sub Islands outcrops are stratigraphically equivalent 
to those at the north end of Yellowknife Bay, the Southeastern Granodi- 
orite must predate at least part of the Yellowknife Supergroup. 

2. _The Western Granodiorite 

The Western Granodiorite is a massive, homogeneous and mostly un- 
foliated, discordant pluton of quartz diorite to quartz monzonite com- 
position (Green, 1968; Ramsay, 1973). Aplite dykes up to 7 m thick 
are relatively common near contacts with the Yellowknife Supergroup. 

The metamorphic aureole of the pluton extends approximately to the west 
shore of Yellowknife Bay. According to Green and Baadsgaard (1971) it 
was emplaced around 2595-2610 m y ago. 

To the south, the contacts with the Yellowknife Supergroup are 
sharp, but northwards they become more diffuse (Green, 1968). The con- 
tact zone varies in width from a meter or so to about 1 km wide. It is 
marked by many included blocks of greenstone, some of which are 90 m 
across. Locally the blocks are angular, but elsewhere they have diffuse 
margins and evidence of assimilation is widespread (Green, 1968). 

3. The Prosperous Lake Granite 
The youngest major pluton in the area (2572 1 ie Green and Baads- 


gaard, 1971), the Prosperous Lake Granite is a fine to medium-grained 
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biotite-muscovite quartz monzonite (Ramsay, 1973). Quartz-microcline- 
albite-muscovite-tourmaline-garnet pegmatites form almost half of the 
body, tending to be concentrated near the margins (Green, 1968). Coun- 
try rocks are meta-sediments of the Yellowknife Supergroup against which 
the Prosperous Lake Granite has cross-cutting relations and sharp, in- 
trusive contacts (Ramsay, 1973). The broad metamorphic aureole approx- 
imates an Abukuma facies series, and the pluton and its aureole are 
typical of late potassic granites that crop out throughout the Slave 
Province (Ramsay, 1973). 
4. Contaminated (hybrid) Rocks 

In several localities, e.g., west of Ryan Lake, there is evidence 
for contamination of the granodiorite with greenstones (Green, 1968). 
Green (1968) traced the progress of the reaction, noting the conversion 
of basic plagioclase (Anz) to oligoclase (Ano). (For a detailed de- 
scription, see Green, 1968, pp. 36-38.) 
5. _The Stock Lake Stock 

The Stock Lake Stock is an ovoid body, about 1500 m by 600 m in 
size, thought to be an apophysis of the Western Granodiorite. There is 
little noticeable contact alteration as the stock intrudes the green- 
stones in the aureole of the Western Granodiorite in the almandine- 


amphibolite facies (Green, 1968). 


D. METAMORPHISM 
All sedimentary and volcanic rocks within the Slave Province are 
metamorphosed to at least lower greenschist facies, and many belong to 


higher grades (Ramsay, 1973). High-grade metamorphic aureoles occur 
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around plutons, with late potassic granites being surrounded by broad 
zones of porphyroblastic rocks. 

Little is known of the metamorphic zonation around such syntecton- 
ic plutons as the Western and Southeastern Granodiorites at Yellowknife. 
According to Folinsbee (1942) meta-sediments are characterized by a 
chlorite-biotite-andalusite-staurolite-garnet zonal sequence in the 
aureoles. In the volcanic rocks adjacent to the Western Granodiorite, 
Boyle (1961) mapped greenschist facies rocks in a small area east of 
Bow Lake, epidote-amphibolite facies throughout most of the greenstone 
belt, and amphibolite facies close to the contact with the Western 
Granodiorite. Previous work elsewhere in the Yellowknife area (e.g.; 
Folinsbee, 1942; Henderson, 1943) showed that the metamorphic history 
of the area involved first regional metamorphism under moderate confin- 
ing pressure, and secondly superimposed thermal] metamorphism around late 
potassic granites such as the Prosperous Lake Granite described by Ram- 
say (1973). At the lowest grades chlorite-muscovite schists give way 
to large areas of biotite zone rocks. This zone is abruptly terminated 
by the cordierite isograd (Ramsay, 1973). There is also commonly evi- 
dence of a phase of hydrothermal retrogression following the two main 


prograde metamorphic events. 


E. STRUCTURE 
Northerly to northeasterly trends are dominant in the southern part 
of the Slave Province (see fig. 1). The volcanic piles of the Yellow- 
knife Supergroup characteristically occur as homoclinal sequences facing 


away from bounding granitic rocks. They are little affected by folding 
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but have yielded to deformation by shearing. In contrast, the sedimen- 
tary rocks have been folded into intricate patterns of crossfolds. 

Most authors hotate periods of deformation to periods of granitic in- 
trusion. 

Jolliffe (1942, 1946) first described the geology and structure of 
the Yellowknife area in some detail. He noted that the Kam Formation 
greenstones were relatively undeformed - apart from shear zones strik- 
ing about north-northeast - and that the meta-sediments on the east 
side of the bay were complexly folded. Jolliffe recognized a major, 
northeast-plunging syncline underlying Yellowknife Bay, its axial trace 
extending from the mouth of the bay north to Burwash Point. He thought 
the feature was asymmetrical to this point, with its western limb a 
simple homocline, dipping and facing southeast, and its eastern limb 
overturned and partly folded into a subsidiary anticline. Jolliffe 
related these folds to two periods of folding deformation. Initial 
folding accompanied the emplacement of either the Western Granodiorite 
or the Southeastern Granodiorite, or both; the complicated cross-fold- 
ing in the meta-sediments was due to the intrusion of the Prosperous 
Lake Granite. Campbell (1947) agreed with this interpretation, holding 
that the syncline was the oldest structure present. Later stages of 
deformation were apparently accompanied by subsidiary folding in the 
incompetent rocks east of Yellowknife Bay and the development of thrust 
faults or shear zones in the relatively competent greenstones to the 
west. Following Jolliffe, Campbell attributed the intricate pattern of 
refolding to the intrusion of the granitic bodies. The shear zones of 


the volcanic greenstones trend a little east of north, approximately 
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parallel to the general trend of the greenstones. Away from the shears 
the mafic volcanic rocks are not significantly disturbed. 

Henderson (1970, 1971) and Hoffman and Henderson (1972) again re- 
lated the cross-folds to intrusion of the Prosperous Lake Granite, and 
the shear zones of the Kam Formation to early faulting. However, they 
proposed that the syncline was an isoclinal feature extending north- 
wards through Yellowknife Bay and beyond (fig. 2). Hoffman and Hender- 
son (1972, p. 12) described the fold as being “horizontal to gently 
canoe-shaped", and slightly overturned to the west. The Kam and Jackson 
Lake Formations are exposed on the west limb, and the Duck and Burwash 
Formations are found only on the east limb. The Banting and Walsh 
Formations occur on both limbs north of the bay. 

Ramsay (1973) presented no new evidence, but was guarded in his 
acceptance of the importance of the Yellowknife Bay Snetine: He sug- 
gested that the syncline may be a much smaller structure than had been 
previously proposed. Within the meta-sediments he found little evidence 
of the sub-horizontal isoclinal folding reported by various authors 
elsewhere in Yellowknife Supergroup rocks. Ramsay distinguished five 
meta-sedimentary areas of differing structural patterns. In one, east 
and northeast of Yellowknife Bay, he thought folding was due to the 
emplacement of the Western Granodiorite; another he found had been de- 
formed by the emplacement of the Prosperous Lake Granite, while a third 
appeared to have been affected by the intrusion of both bodies. The 
structural patterns of the last two areas he ascribed to interference 


from at least two of the bodies mentioned above. 
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Ramsay's ideas on Archean tectonism were based to a large degree 
on the models of Glikson (1972) and Anhaeusser, et al. (1969). Follow- 
ing Clifford (1972), Ramsay envisaged horizontal swelling of the plu- 
tons (as they rose diapirically) squeezing and deforming the intervening 
Supracrustal rocks in a "keel". 

Fyson (1975) studied the deformation of Yellowknife Supergroup meta- 
sediments in the Ross Lake-Gordon Lake area east of Yellowknife. He 
found three phases of folding had affected the greywacke rocks. Also, 

Fo and F. had been accompanied by two periods of schistosity development. 
Large linear F, flexures are partly concordant with the bounding granitic 
complex. Upright, open to isoclinal Fo folds vary somewhat and curve in 
their trend. They have an So axial planar schistosity. Fyson believed 
that these Fy and Fo folds were developed mainly as gravity structures 
during diapiric uprise of the granitic basement. 

Although F. folds are small-scale structures and are locally absent 
_they are accompanied by a steep S3 axial plane schistosity. To account 
for the F. folding, Fyson proposed a regional horizontal flattening that 
is possibly related to horizontal movements of early plates. With the 
model of Anhaeusser, et al. (1969) in mind, Fyson speculated that the 
change to Fs folding reflects the transition from a regime where deforma- 
tion was largely controlled by movements induced by local density con- 
trasts within a mobile crust, to a regime where large segments of the 
crust moved horizontally to produce regional horizontal compression. 

The last important tectonic event was the development of a series 
of sinistral, steeply dipping to vertical, predominantly strike-slip 


faults (Hoffman and Henderson, 1972). The most prominent of these is 
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the West Bay fault whose dip- and strike-slip displacements are about 

480 m and over 4900 m, respectively (Campbell, 1948). The late faults 
are characterized by the development of a fault breccia or a clay gouge. 
A narrow fissure is the normal topographic expression, and even in the 
largest fractures the fault zone is rarely more than a meter wide. Spor- 
adic iron-staining occurs in a stockwork of minute fractures extending 
some distance from the fault. Quartz veins and lenses are locally found 
along the faults. Some of these contain a little pyrite and chalcopyrite 
and also ferruginous carbonate, but gold values are negligible (Henderson 
and Brown, 1966). In places, e.g., in the West Bay fault near its junc- 
tion with the Akaitcho fault, extreme silicification has resulted in the 
development of 30 m wide ‘giant quartz veins’. 

Strain ratios in the order of 50:1 or more and transcurrent movement 
in excess of 100 km are typical of Archean mobile belts at infracrustal 
levels in SW Greenland and NW Scotland (Bridgwater, et al., 1973; Coward, 
-et al., 1973; Escher and Watterson, 1974). Some of these linear belts 
possibly extend for several thousand kilometers (Sutton, 1975). At higher 
levels the strain has been dissipated by non-penetrative deformation. 
Glikson (1970) determined strain ratios of about 3:1 for the Kurrawang 
beds of the Kalgoorlie greenstone belt of Western Australia, thought by 
many to be vey similar to the Yellowknife greenstone belt. This study 


shows the main Giant shear zone has a strain ratio of about 8:1. 


F. DISCUSSION 
Greenstone belt formation is associated with some form of fracturing 
of an older gneissic basement and the upwelling of mantle-derived mate- 


rial (e.g., Windley, 1972). Many authors compare Phanerozoic plate- 
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tectonic models with the tectonics of the early Precambrian (e.g., re- 
cently, Tarney, et al., 1975). This may or may not be valid. Remobi- 
lization of basement along mobile zones (Bak, et al., 1975; Coward, et 


al., 1973; Coward, et al., 1975; Sutton, 1975) saw general regional 
metamorphism and diapiric granitic (s.1.) plutonism (Ramsay, 1973). It 
is conceivable that the shear zones at Yellowknife were initiated early 
on during plutonism as gently dipping planar belts (Escher and Watterson, 
1974), and were uplifted and tilted and underwent further deformation 
during diapir emplacement. The supracrustal rocks between the rising 
diapirs were deformed and flattened (Clifford, 1972). As weaknesses 
within the main rock body, the shear zones were exploited by migrating 
gold-chloride complexes during amphibolite facies metamorphism (Fyfe and 
Henley, 1973; Fripp, 1975). | 

With uplift and unroofing and a reduction in waesedre: arid tempera- 
ture, ductile deformation in the shear zones gave way to more brittle 
fracturing - as evidenced by the conjugate joint set at Giant. A relax- 


ation of compression would have occurred when the bounding granitic 


plutons stopped rising and began to cool. 
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Chapter III 
GEOLOGY OF THE GIANT MINE AREA 


A. GENERAL STATEMENT 
The Giant Mine property is underlain by various basic to inter- 
mediate volcanic flows and associated cherty and slaty tuffs and inter- 
flow breccias. The homoclinal sequence is overturned and dips steeply’ 
westwards. The original volcanic pile is intruded by numerous irregu- 
| lar gabbroic masses and diabase dykes and sills, the youngest of which 
are younger than the gold-bearing schists. On the east side, adjacent 
to Yellowknife Bay, the flows are overlain by arkosic conglomerates, 
quartzites, greywackes and tuffaceous beds. To the west the volcanic 
rocks are terminated by the West Bay fault and the Western Granodiorite. 
Gold-ore occurs in a system of schistose shear zones which strike gen- 
erally subparallel to the stratigraphy, but which in dip-direction cut 
across the volcanic units at various angles. The West Bay fault is a 
late fault that intersects the Yellowknife greenstone belt at an acute 
angle, crossing the southern portion of the Giant claim group (see fig. 
3). This fault marks the southern limit of the Giant ore system. The 
similar Akaitcho fault in the north marks the northern limit of the 


original Giant property. 


B. STRATIGRAPHY 
The volcanic pile comprises a series of pillowed and massive ande- 
site flows intruded by sills and irregular cross-cutting dykes of gab- 


bro and diorite. The stratigraphy reported by Bateman (1952) has been 
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Stippled ornament and wavy lines: shear zone systems (1:Campbell; 
2:Negus-Rycon; 3:Con; 4:Giant; 5:Bow Lake) 


Oblique lines: Townsite-Brock flows 
Horizontal lines: Jackson Lake Formation 
Clear: Kam Formation 


Short Lines: Western Granodiorite (WG) 


Other Symbols: 
AF Akaitcho Fault NF Negus Fault 


BC Baker Creek P Pud Lake 

CN. Con Shaft we Pud Fault 

PF Frame Lake Ss Stock Lake 

G Gar Lake 1 Trapper Lake 

GT Giant <C; Shaft TE Townsite Fault 

K Kam Lake WBF West Bay Fault 
KF Kam Fault YK Yellowknife City 
LI Latham Island YKB Yellowknife Bay 


MF Martin Fault 


Fig. 3. Orientations of joints (A), faults (B), veins ee, 
fibres (D) near the 'C' Shaft of the Giant Mine. 
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replaced by that of Henderson and Brown (1966). Baragar (1975) corre- 
lated the surface geology of Henderson and Brown with subsurface diamond 
drill information, and reported that under Yellowknife Bay the Banting 
Formation consists of massive quartz and quartz-feldspar porphyry. Indi- 
vidual flows are difficult to distinguish. The lowermost 160 m of the 
Banting Formation includes alternating layers of porphyry and fragmental 
rock of similar material. The contact between the Banting volcanic rocks 
and the underlying Jackson Lake reinaakecets the west is obscured by 
quartz-carbonate alteration that is typical of schistose’ parts of the 


Banting Formation. 


On the surface the Jackson Lake Formation near the Giant Mine jis a 
conglomeratic sandstone; underground it is composed largely of greywacke 
with little shale and no conglomerate (Baragar, 1975). Well-graded beds 
up to 8 m occur locally, but for the most part the greywackes are mas- 
Sive, monotonous units.. In the lower part of the section are felsic 
pyroclastic units. One distinctive welded tuff horizon Baragar inter- 
preted as an ignimbrite. Faulting and schist development mark the 
Jackson Lake Formation-Kam Formation contact, but little of the Jackson 
Lake Formation is thought to be missing (Baragar, 1975). 

Baragar (1975) noted that in the segment of the Kam Formation he 
examined, the pillowed units are continuously pillowed and have no evi- 
dence of a hiatus in their course of accumulation. One cherty layer 
separating a massive and pillowed flow is the only sign of a break in 
the eruptive sequence in the Giant Mine area (Baragar, 1975). The var- 
iolitic flows can be correlated with the Negus and Yellowrex flows of 


Henderson and Brown (1966). Baragar's section does not extend west of 


the Giant millsite and 'C' Shaft. 
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Immediately west of the millsite is the Baker Creek valley in 
which outcrop is very limited. Andesitic pillowed and massive flows 
of variable schistosity are known from underground workings beneath the 
creek (Bateman, 1952; Henderson and Brown, 1966). Cropping out to the 
west of the Baker Creek valley is the Brock unit (Bateman, 1952). 
Equivalent to the Townsite flows of Henderson and Brown (1966), the 
Brock unit comprises mainly porphyritic quartz-feldspar dacite, agglom- 
erate and tuff. The Townsite-Brock unit is a distinctive marker in the 
Yellowknife area, and similar feldsparphyric rocks are known from other 
Archean greenstone belts (Green, 1975). Adjacent to the Western Grano- 
diorite are the lowermost’ units of the Kam Formation. They include 
relatively massive flows of variolitic, pillowed and massive basalts 


and andesites (Brown and Dadson, 1953; Henderson and Brown, 1966). 


C. METAMORPHISM AND MINERALIZATION 

Regionally, Boyle (1961) found that the metamorphic facies of the 
greenstone belt at Yellowknife are related to the Western Granodiorite- 
greenstone contact. The zoning includes an amphibolite facies adjacent 
to the granodiorite, a broad central epidote amphibolite facies, and an 
irregular and ill-defined greenschist facies farthest from the granodi- 
orite. Isograd lines are not sharp and transition zones are the rule 
(Boyle, 1961). In the area of the Giant Mine, strike-slip faulting 
along the West Bay fault has brought the central epidote amphibolite 
facies against the granodiorite and Boyle's amphibolite facies is ab- 


sent. - 
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Boyle believed the metamorphic facies represented a prograde se- 

quence. His analyses (Boyle, 1961) show a consistent increase of water, 
carbon dioxide and sulphur toward the lower grade facies, i.e., outward 
Aa the granodiorite. He suggested that these compounds, initially 
present in the rocks, were mobilized during regional metamorphism and 
migrated into the cooler zones. 

Superimposed on this regional metamorphism is the system of shear 
zones and their associated alteration products. Within the greenstones 
a gradation exists from massive or slightly schistose greenstone through 
chlorite schist and chlorite-carbonate schist to the innermost parts of 
the schist zones where the rock is very strongly schistose. A typical 
schist assemblage includes sericite, chlorite and carbonate minerals, 
and quartz and albite. The mineral assemblage in unfoliated greenstone 
is epidote-carbonate-fibrous amphibole-chlorite-plagioclase. 

Gold mineralization in the shear zones tends to be localized where 
_dilatant zones have formed allowing silicification, sericitization and 
the deposition of the ore minerals (Boyle, 1961). The gold ore is con- 
centrated in the central, sericitic parts of the schists which are shot 
through with irregular quartz lenses and stringers and are mineralized 
with sulphides, sulphosalts and gold. The ore shoots comprise quartz, 
sericite-carbonate schist and common pyrite, arsenopyrite, sphalerite 
and chalcopyrite, as well as sulphosalts, pyrrhotite, aurostibnite and 
gold (Coleman, 1957). More often than not, the shoots have an envelope 
of sericite and chlorite schist that grades into the chlorite schist of 
the host schist zone. The irregular masses, pods and stringers of quartz 


are intermixed with patches of dragged and contorted sericite-carbonate 


schist. 
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Coleman (1957) reported that the metallic minerals were deposited 
during three separate periods of mineralization from hydrothermal solu- 
tions having a magmatic origin. He held that pyrite and arsenopyrite 
formed first with most of the gold. Sphalerite, chalcopyrite and minor 
pyrrhotite were formed during the second period of mineralization, and 
Pb and Sb sulphides and sulphosalts were the dominant minerals formed 
during the third and last period. Aurostibnite Coleman believed to be 
a reaction product. He thought the initial temperature of mineral 
formation, including that of the gold, exceeded 500°C. 

Ramsay (1973) noted the common association of gold and sulphides 
in the vein deposits in the Burwash Formation around the Prosperous 
Lake Granite. This association he took to indicate that sulphide was 
the essential complexing agent for transporting gold. He found that 
the gold-quartz veins were deposited in dilatant zones. His fluid 
inclusion work showed that the deposits were formed by lateral secre- 

’ tion, that initial quartz vein formation occurred at around 250°C, but 
that sulphide and gold deposition took place at about 150°C. Ramsay 
did not investigate the gold deposits of the greenstones. 

Whereas sulphur species and gold-sulphur complexes can provide a 
solution mechanism for gold at low temperatures, chloride systems may 
be much more important at high temperatures. Fyfe and Henley (1973) 
believed that gold is transported as an oxidized chloride complex. They 
argued that if water was expelled from amphiboles in the 500 to 700°C 
range, and if chloride was present, then most of the gold should move 
with the water in solutions undersaturated with respect to gold. They 
suggest that there would be a major dumping of gold between 300-400°C 


in the greenschist facies. 
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They noted that very steep thermal gradients are associated with 
diapirically rising plutons, that during active dehydration reactions 
there may be convective movement of fluids, and that ate the passage 
of a rock from greenschist to amphibolite facies (400-500°C) "drastic 
mechanical events must occur" (Fyfe and Henley, 1973, p. 300). When 
chlorites and epidotes lose water and form new, less hydrous phases, 
the strain rates near the grains could lead to intense local micro- 
hydraulic fracturing with Peiuid exceeding Ciosa: At the same time, 
fluid could accumulate beneath relatively impermeable higher levels 
and ultimately penetrate them in shear zones and vein swarms. Fyfe 
and Henley thought this model might well fit many Archean schist-belt 
deposits and cited Mazoe in Rhodesia as an example. Yellowknife could 


be another (cf. Fripp, 1975). 


D. STRUCTURE 

On the Giant property the various units of the volcanic Kam For- 
mation strike N10-42°* (Brown and Dadson, 1953). Between the West Bay 
and Akaitcho faults they are overturned and dip west at 65 to 85° (con- 
trast this with the southeasterly dips and more easterly strikes of the 
same units west of the West Bay fault and northeast of the Akaitcho 
fault). 

The gold-bearing schistose shear zones are economically the most 
important structural features (Brown, et al., 1959). Boyle (1961) also 
distinguished fractures whose relations indicate a pre-shear zone ori- 


gin, and fractures initiated after the development of the shear zones. 


*al] directions are given in degrees azimuth 
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1. _ Pre-Shear Zone Fractures 

These are ubiquitous and conspicuous and many comprise en echelon 
sets. They commonly enclose discontinuous lenses of white and grey 
quartz up to 15 m long and 1 m wide. Contacts between the lenses and 
the wall-rocks are sharp and not associated with replacement or alter- 
ation. Near the Western Granodiorite the fractures and quartz lenses 
show no preferred orientation, but within the main part of the green- 
stone belt they strike N150°+10° (Boyle, 1961). 

2. _The Shear Zones 

Concordant shear zones parallel the volcanics. They are narrow 
and discontinuous and are: readily distinguishable from the cross-cutting 
discordant shear zones which attain hundreds of meters in width, several 
kilometers in length and which have localized the major economic gold- 
bearing quartz bodies. From the standpoint of internal structure, all 
gradations between "schist zones" and "breccia shear zones" are known 
_to exist. All concordant and most discordant shear zones are schistose, 
comprising chlorite, chlorite-sericite, and sericite schists. The dis- 
cordant Giant and Campbell systems are schistose. 

Breccia shear zones, which are restricted to the most discordant 
shear zones such as the Con and Negus-Rycon systems (Boyle, 1961), con- 
tain elongate rock fragments, normally massive to slightly schistose in 
character and rarely more than 150 mm across. The fragments are cemented 
by such carbonate minerals as calcite and ankerite, and buff-coloured 
alteration zones accompany any local quartz lenses. In the transition 
from breccia shear zone to schist the breccia fragments become progres- 


sively obliterated. Although this transition can be seen in many schist 
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zones, in others no such genetic origin can be evoked and extensive 
brecciation was probably not important in their development (Boyle, 
1961). 

(a) Concordant shear zone systems. These are restricted to tuff 
horizons, flow contacts and incompetent lava flows. West of the West 
Bay fault the strike of the shear zones varies with the volcanic rocks 
from northeast to east. East of the West Bay fault the strike varies | 
from due north to N20°, but northeast of the Akaitcho fault it is about 
N40°. 

The concordant shear zones are schistose: commonly the schistosity 
is contorted. In places slivers of relatively undeformed rock are 
caught up in the schists. All contain quartz veins and lenses, but few 
give high gold assay values. Boyle (1961) noted that mineralization is 
confined to where the schistosity has been dragged or contorted: par- 
ticularly at gentle flexures and at shear zone junctions. Quartz 
stringers occur within uncontorted shear zones apparently unrelated to 
internal structure. Boyle suggested these were formed in open dilatant 
zones localized by structures in the walls of the shear zones. 

(b) Discordant shear zones. 

(i) The Con System extends from near the Yellowknife townsite 
south to the Kam fault. The southern half of the Con system southwest 
of the Pud fault is a single shear zone but northeast of the Pud fault 
a number of minor shear zones split off the main zone, each eventually 
cut by the West Bay fault. These smaller zones are breccia shear zones 
containing small, high-grade gold-quartz lenses, mineralized with var- 
ious sulphides and gold. However, the wide part of the main shear zone 
contains the major economic mineralization. At its iadeet the Con zone 


reaches 30 m in width and splits and rejoins around relatively massive 
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undeformed "horses" of country rock both along strike and parallel to 
dip. There are many shear zone junctions, and intense dragging and 
contortion of the schist has been affected (Boyle, 1961). 

The mean strike of the Con system is N8° and the average dip 53°W. 
However, though the schistosity within the shear zones is essentially 
parallel to the walls of the shear zones, it dips 10° more steeply. 
Henderson and Brown (1966) support Campbell's (1949) hypothesis that 
the Con system originated by movement along a thrust fault. If this 
is so the west becnpanay wlan has moved up about 300 m, and has had 
only a small southwards component. 

(ii) The Negus-Rycon System comprises several 2 m wide shear zones 
striking southeast and dipping moderately westwards. They join the Con 
system near Rat Lake and are offset by the northeast-striking Negus 
fault. The shear zones contain breccia and schist, both of which occur 
from place to place along the margins of meta-gabbro and meta-diorite 
dykes that parallel the shear zones. 

Field relations locally indicate a total strike separation of 
about 200 m along the shear zones. However, the main component of 
movement shifted the hanging wall up. Henderson and Brown (1966) sug- 
gested the Negus-Rycon system was produced at the same time as the 


Giant, Campbell and Con systems. 


(i117) The Campbell System crops out beneath Yellowknife Bay west 
of the West Bay fault and roughly parallels the shoreline between Negus 
Point and Kam Point. Boyle (1961) obtained a mean strike and dip of 
N3° and 47°W, but the average strike and dip of the schistosity within 
the system are N6° and 63°W, respectively. This suggests that the west- 


ern (hanging) wall moved up and southwards (Boyle, 1961). The system 
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comprises a number of interlacing chlorite schist zones locally reach- 
ing 130 m in width. The intervening horses are composed of eT Achuly 
schistose greenstone as much as 65 m across. 

(iv) The Giant System, which lies east of the West Bay fault, 
strikes north-northeast, cropping out beneath the drift-filled Baker 
Creek valley (fig. 3). Sinistral faulting along the Akaitcho fault 
brings the continuation of the system out at Gold Lake, from where it’ 
has been traced northeast through Vee Lake to Jackson Lake. On the 
surface the system forms a pattern with subparallel and branching schist 
zones separated by massive to slightly schistose rock. Along the east- 
ern sides of the shears, subsidiary schist zones have a tendency to 
feather out into the wall-rocks and die away. Horses of more competent 
rock stand up between the wide schist zones which have suffered greater 
erosion and whose surface outcrops lie beneath drift-filled topographic 
depressions. Contacts between schistose and massive rock are grada- 
tional over many meters. Pillows, dyke contacts tuff bands and similar 
such features that can be distinguished in the massive rocks are de- 
stroyed in the schist zones (Boyle, 1961; Henderson and Brown, 1966). 

Shear zone junctions, flexures in the walls, and drag folded parts 
of the shear zones control development of quartz veins and lenses and 
the irregular silicified ore-bodies. The greatest buckling, mashing 
and most extreme contortion of the schist occurs at the shear zone 
- junctions. Boyle (1961) believed the main causes were movements along 
the shear zones, rotation of the less schistose horses between shear 
zones, and the wedging and buttress effect at the noses of horses. 

Thus greatest dilatancy occurred at the junction of two shear zones, 


in drag folds and near flexures in the wall-rocks. These being regions 
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of low pressure and low chemical potential, they tended to be the sites 
to which migrating elements moved, and the sites at which they were 
precipitated. 

(v) The Bow Lake System lies east of, and is subsidiary to, the 
Giant system. It dips moderately westwards. South of Bow Lake it fol- 
lows a drift-filled valley and is exposed near the shore of Yellowknife 
Bay as a 7 m wide zone of strongly foliated chlorite schist. North of. 
Bow Lake it splits into several schist and breccia shear zones which 
merge into the Giant system. 

(vi) The Stock and Handle Systems comprise a series of 1] meter 
wide shears that reach the surface west of the West Bay fault, west of 
the Giant Mine Camp. Both systems strike north to northeast and dip 
vertically or steeply to the west. They occur in the same sequence of 
lavas, are limited in their extent, and contain small arene lenses 
and veins, some of which contain gold. One group of shears cuts across 
the amphibolitic greenstones, several irregular granitic masses, and a 
number of aplite and granitic dykes. Elsewhere, concordant and discor- 
dant shear zones contain aplite and granite dykes that show little or 
no evidence of shearing. Other shear zones, however, contain similar 
dykes that have been sheared and which contain lenses and stringers of 
gold-bearing quartz. One shear zone crosses the greenstone-granodior- 
ite contact (Henderson and Brown, 1966). It seems that an early period 
of shearing provided an avenue for the emplacement of granitic bodies, 
and that some of these were affected by a later period of shearing. 

The shear zone systems were therefore apparently initiated at about the 


time of granodiorite intrusion, but shearing continued for some time 


afterwards. 
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(vii) The Crestaurum System occurs in the area east of Ryan Lake. 
Several shear zone branches combine to form a complex system rather 
like the Con system (Boyle, 1961). 

3. _Post-Shear Zone Fractures 

These can be divided into those initiated prior to diabase intru- 
sion, and those that are post-diabase intrusion. 

Pre-diabase fractures that cut the shear zones are of many gener- 
ations. They are numerous in all shear zones but most occur in or 
about ore zones (Boyle, 1961). Strikes are variable pee mst dip ap- 
proximately normally to the schistosity to form a characteristic ladder 
structure. All contain quartz and carbonate minerals in short, narrow, 
irregular bodies, some of which carry sulphosalts and gold. The con- 
tacts of the quartz and wall-rock are sharp, and replacement features 
and wall-rock alteration zones are absent. These fractures, restricted 
to the shear zones, appear to be the result of tension during a late 
extension deformation period. 

Post-diabase fractures include the major, late Proterozoic sinis- 
tral fault systems that meet at Yellowknife (Brown, 1955). Examples 
of these include the West Bay, Kam-Pud and Hay-Duck faults. Cross- 
over faults include the Akaitcho, Martin, Townsite and Aye faults. 


Many smaller, unnamed faults occur between the larger ones. 
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Chapter IV 
DATA COLLECTION 


A. SELECTION OF LOCALITY 

At the outset of the investigations it was decided that a three- 
dimensional picture was desirable in order to best gain an insight into 
the structure and structural relations of the major Giant Mine shear 
zone. In this respect the most attractive part of the mine appeared to 
be that near the 'C' Shaft. Being the major shaft of Giant's operation 
the shaft also had access to all levels of the mine, and at the time the 
study was undertaken there was relatively little in the way of nearby 
mining operations that might otherwise have been a hindrance. 

The levels that were eventually chosen for study are designated 950, 
1100, 1250 and 1500, very roughly corresponding to their depth in feet 
below the 'C' Shaft headframe (fig. 4). Stopes that had been opened up 
_near the 'C' Shaft could not be examined because either they had been 
filled in or blocked, or their walls were covered in a thick layer of 
mud, and so no traversing was attempted in them. On the 950 Level, the 
lack of cross-cuts near the shaft confined the study to the one major 
drift on the west side of the shear zone. The 1100 and 1250 Levels, 
with fairly extensive cross-cuts normal to the shear zone and a certain 
amount of drifting on the east side of the shear, offered excellent 
access. Although the 1500 Level was partly back-filled and many of its 
passages blocked off by bulkheads, it did afford limited opportunity for 


investigation across the shear zone. 
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Fig. 4. Plans of the four levels near the 'C’ Shaft. 
A: 950 Level; B: 1100 Level; C: 1250 Level; 
D: 1500 Level. (NDR: North Drift; EXC: East - 
Cross-cut; numbers refer to traverses; Giant Mine 


grid in feet). 
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Work commenced on the 1250 Level along the 12-01 West Cross-cut 
(12-01 WXC in fig. 4C), the 12-18 North Drift and the 12-05 East Cross- 
cut. Although the traverses were interrupted by a number of ore passes, 
waste passes and service raises, nine traverses were completed. Work on ~ 
the 1100 Level (fig. 4B) progressed along the 11-02 North Drift, the 
11-07 East Cross-cut and the 11-07 North Drift. The study on the 1100 
Level was interrupted several times by blasting, and the ensuing dust 
cloud terminated work each time! The structures along the 9-02 North 
Drift on the 950 Level (fig. 4A) were studied next, and were followed by 
eight traverses on the 1500 Level (fig. 40), mainly along the 15-03 North 
Drift, but also in the 15-02 East Cross-cut and the 15-10 North Drift. 
Returning to the 1250 Level, 3 traverses were completed along the 12-06 
North Drift, one in the 12-05 East Cross-cut again, and seven along the 
12-02 North Drift. The last traverse was along the 15-01 North Drift of 
the 1500 Level. 

In total, more than 4500 feet of drift wall were examined in 49 
traverses, of which six were on the 950 Level, fourteen on the 1100 
Level, twenty on the 1250 Level, and nine on the 1500 Level. Thirty-two 


orientated rock samples were collected from the four levels of the mine. 


B. COLLECTION OF DATA 
Field data were collected during a series of straight line 100 ft 
traverses and (mainly) recorded on sheets originally designed to aid the 
collection of structural and lithological data for a study of slope sta- 
bility in open pits. Three types of sheet were used. Traverse line 


sheets (type *01) were used to record information about each traverse, 
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such as the grid coordinates and elevation of the start, its direction, 
and the rock unit crossed. Non-penetrative planar structures observed 
along each traverse were described on discontinuity data sheets (type 
*02) according to type, orientation, size, association with mineral 
filling, and mesoscopic folding. Planar structures that were observed 
include joints, faults, and veins. Discontinuity data sheets were also 
used to record the orientation and type of linear structures, the name 
of the rock type, and the distance along the traverse at which observa- | 
tions were made. The lithology data sheet (type *03) was used to de- 
scribe rock types (lithology, hardness and grain size) and penetrative 
planar structures (type, orientation, spacing, association with meso- 
scopic folding and lineation). The recording rules and the three types 
of sheet are given in the DISCODAT manual in the Appendix. 

Ideally, the 100 ft tape should have been attached to the walls of 
the drifts and cross-cuts at a standard height, and the attitude of the 
structures under consideration measured at the point where they, or 
their presumed extensions, crossed the tape. This proved to be imprac- 
tical so the tape was laid on the ground. Measurements were taken of 
those structures that crossed an imaginary waist-high line. 

All structures were measured using a Rabone Chesterman No. 1190 
boxwood carpenter's rule. Although not a precision instrument, it is 
quite adequate for the purposes required. The rule is marked in inches, 
and fractions thereof, and whereas it measures 2 ft when fully extended, 
its three hinges enable it to be folded into an instrument little more 
than 6 inches long. The two outer hinges serve no function bar that of 


convenience. The middle one, however, is scaled in units of 5° to allow 


sf ee 
¢ ay 
ons 
_y 
14 +d ; 
OG ne 


“iz att bile eeu satya OT Ae SBUO TF mad Bs 
Ligdt rd? bodsadap oneett “ived Lthuni2 aaah SH at grea’ ; 


ois Hanw Inieg BAe Js Berea A gektsrshtanes veld 


oe srrisseato fobs $ eArew eet) amt: ed ROMP DS 2 ATK 


Honuntenk doferosg foe ae yae +74 ets 2 A baantod 


a ¥ATuD Kady 3%.-S aersuae’ tt Seaver pes Aenea inmiaey? rs 


_) inefe SY domes ine 2otea hepa ey wien 
rAtiaywse qeeeg, avidin taabaknon~ Sek > a, Bae . 
ron gpl, ettuntivatath vin tebn sep Sigel ae 4 does 
Athi fotietshede | eure aden ia 
Bone ee wanat: gerber J 2Oz a te 
rie so sh A ‘uaiaener babar bins. get tah ‘ of sbut 
Janta Teel: he Bae bee peepee 
istiy 3b. cep ian ane erg oe sagsd eto eay, tiie.) See 
soup COO* aus) aaeme étah ag elanets me Stier 9 : 
ie teste at tpi BAL aabdirialt Aantond 6) ete, ee 
Pion OED aE I DaEn, BE IRean ite ieee sen aon 


} xPbRsan) ny sits 7 Teanea: TADIC att an harte. “ar 


gael ire Faetgit bisbiét2 & +s ‘eg e20M9 to ab 


* 


| ms 


havergeetd’t Teqay-ailaibeeaits: jaan ronwesria “fet h 
rat ernremantzaee « pakeae aid no bir zew Gas" sie Oe raat “a 
on tie atehtewetions vitnh Rat ns: baanes at covibouiite ead 


én 27 colet-ont Jbeitupar epacgvig “ana ee Steunsré. i tup 
tauetioal ae otnt booler sé ot af. afdere sabia wordy wt 


(OF SALT. On WANE? Spent opteeowis gat peat: eats? 3 a 


" to eitiont befiee oY riven fea Stee eae ispriatacongy 12), 


is eRe 


cy) 


angular measurement. The clinorule's other important accoutrement is a 
small spirit level set into one of its 'arms'. This allows the deter- 
mination of a horizontal line. 

The muddiness of the drift walls and the darkness of the mine at 
times combined to make detailed observation difficult. For instance, 
small linear structures on joint surfaces probably went unnoticed on 
many occasions, and it was not easy to determine subtle lithological 
variations in the uncertain light of a miner's lamp. The penetrative 
(mineral) schistosity, ae was difficult to observe: joints that had 
developed as a response to the schistosity, rather than the schistosity 
itself, were measured. Thus, whereas observations on the penetrative 
schistosity were rarely entered on the lithology data sheet, there are 
many readings entered on the discontinuity data sheet of joints of a 
finely-spaced, parallel joint set that reflects the inherent schistosity. 

Fig. 5 shows the three field sheets, partly filled in, for trav- 
erse number 41. In fig. 5A note that the Universal Transverse Mercator 
(UTM) system of coordinates was not used, and neither were the spaces 
allotted to "Domain" (Dmn). Under "Identification", 2GH indicates the 
year (1972) and the geologist's initials, and 0041 shows it is the 41st 
traverse. "Elevation" refers to the start of traverse, being in tenths 
of feet relative to the Giant Mine datum. The "Local Grid" is again 
Giant's, and figures entered are in feet. Note, however, that "Northing" 
in this case actually represents the distance south of an east-west base 
line. "Traverse Trend" is relative to True North. As this is an under- 
ground mine the terms "Pit Bench Level and iecat top! are redundant, but 


the traverse is still located by 4 numerals and 3 letters: 1205EXC 
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Fig. 5. Field sheets. A: type *01, the traverse 


line sheet; B: ! 
sheet; C: type *03, the lithology data sheet. 


type *02, the discontinuity data 
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indicates the traverse is in the 1205 East Cross-cut on the 1250 Level. 
The letters KAM identify the formation, being the name given to the 
Yellowknife greenstones by Henderson (1970). "Reference Direction" is 
the angle to be added to the recorded strike of an observed discontin- 
uity in order to convert it to a dip-direction relative to True North 
(see DISCODAT manual in Appendix). (Note that strike as measured by the 
clinorule is measured relative to the trend of the traverse - see below.) 

Under "Remarks" any other information not accounted for can be 
noted, and in fig. 5A comments are made regarding the quartz veining 
encountered on the traverse, and the contorted schistosity between 54 
and 80 feet from the start of the traverse. A sketch of the structure 
at 62.3 feet was made on the reverse of the sheet. Four samples, three 
of them orientated were collected from this traverse, at distances 29, 
42, 71 and 86 feet from the start. } 

Although for each traverse just one *01 data sheet is used, the 
number of *02 data sheets for each traverse is dependent on the number 
of "discontinuities" observed along the traverse. Fig. 5B shows lines 
20 and 21 from the second discontinuity data sheet used for traverse 41. 
"Identification" is the same as in data sheet *01 (fig. 5A). Under "No." 
a sequence number is entered, beginning with "01" for the first observa- 
tion on the first *02 data sheet; numbers "17" through "32" are entered 
on the second *02 data sheet. 

Consider observation number 20. At a distance 20.8 feet from the 
start of the traverse a joint ("JNT") was measured that has a strike, 
relative to the trend of the traverse, of 70°, and a dip of 85°. The 


minus sign indicates the dip-direction is essentially towards the start 
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of the traverse. Contrast this with observation number 21. At a dis- 
tance 24.7 feet down the traverse there is a joint with a strike of 163° 
and a dip of 78°. The absence of a minus sign before the dip value in- 
dicates that the surface dips essentially down the traverse. 

Note that the distance is measured and recorded on the data sheets 
in units of tenths of feet, and that the 'Type' of discontinuity observed 
is recorded as a 3-letter mnemonic (see section 1.6 of the manual in 
Appendix). The 'size' of the discontinuity was recorded with respect to 
size parallel to the strike (St) and parallel to the dip (Dp) ona 0, 1, 
2 scale such that 0 indicated the observed surface was small and confined 
to the limits of the drift, 1 indicated one end was visible, and 2 that 
the surface was large and neither end was visible. The letters give an 
absolute measure of the size of the discontinuity (see section 1.7 of 
the manual in Appendix). The two most important mineral fillings (if 
any) are entered under "Fling". For "Wtr" (water) a scale of 1 to 6 is 
used, 1 indicating the discontinuity is tight, and 6, that the water is 
actually flowing along it. A 1 to 5 scale for roughness of the surface 
is entered under "Rgs". If a waviness is present, the interlimb angle 
("ILA") is entered. Linear structures are recorded under "Line", by 
"type" ("FBR" being the mnemonic for a fibrous lineation) and "Pitch" 
being measured clockwise on the surface from the right-hand end of the 
strike line to the linear. In sequence beginning with A the different 
rock types encountered are entered under "Rck". They are more fully 
described on the lithology data sheet. 

Fig. 5C shows lithology data sheet *03 for traverse 41 with the 


first line filled in. A sequence number records the lithologies observed, 
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and "Distance" is entered as in data sheets *02. Rock type C was a 
greenstone, entered as the mnemonic "GRS" under "Lthlgy". Refer to the 
manual (Appendix) for a detailed description of the classification used 
to define the hardness ("Hrdn") of the rock. "R2" in this instance in- 
dicates "soft rock". Grain size ("GrSz") uses a modified Wentworth scale 
to define the finest ("Mn") and coarsest ("Mx") 10% of grains is the 
rock. "SCS" for the penetrative "surface type" indicates a schistosity 
was observed. Strike and dip follow identical recording rules as surface 
type on *02 data sheets. The average spacing ("Spn") follows the grain 
size scale, and roughness ("Rgs"), "Waves and Line" have their counter- 
parts on *02 data sheets, described above. 

Since the study was undertaken DISCODAT has been revised and mod- 
ified somewhat. The manual in the Appendix is that used in this study. 
The latest edition of the manual can be obtained from Dr. D.M. Cruden, 


Department of Geology, University of Alberta. 
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Chapter V 
DATA PROCESSING 


A. INTRODUCTION 
A data file was built using the program CONVERT3 (Ramsden, 1975). 
Retrievals from this data file were accomplished using the program KEY4 
(Ramsden, 1975). Ramsden's programs are documented in his thesis which 
should be consulted for a listing of them and the subroutines they call. 
The data file can be obtained from Dr. H.A.K. Charlesworth, Department 


of Geology, University of Alberta. 


B. EDITING AND STORAGE 

The information on each data sheet was punched onto computer cards. 
A list of all cards was used to check the data and new cards were punched 
where required. The edited cards were then fed into the computer. Com- 
bining data on field sheet types *02 and *03, CONVERT3 (Ramsden, 1975) 
produced the file GH.CARDS. Fig. 6 is a display of part of this file. 
In this file, line 1 of each traverse represents the traverse line data 
sheet (type *01) with some additional information common to the whole 
traverse (see line 1391 of the printout in fig. 6). The format of the 
line 1 record is shown in Table 1. 

The first field of four columns identifies the traverse line sheet. 
The year and the geologist's initials occupy the first 3 columns of the 
traverse identification field. ‘Elevation’, 'Mine Grid Easting’ and 
'Mine Grid Northing' reference the start of the traverse relative to the 
‘Traverse Length' which is in tenths of feet. 


The format of the type 2 record (field sheets x02 + *03 combined) 


is shown in Table II. 
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* denotes first column. 
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Figures on extreme 


See Table I for explanation. 
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Table I. Format of the line 1 record of GH.CARDS 


Columns Contents 
7-13 Traverse Identification (A) 
15-19 Elevation (Mine Datum) 
21-22 Domain (A) 
24-26 Formation (A) 
28-3] Mine Level 
33-35 Mine Location (A) 
37-42 Mine Grid Easting 
44-49 Mine Grid Northing 
51-53 Traverse Trend 
55-57 Traverse Plunge 
59-62 Traverse Length 
64 Traverse Scale 
66-67 Number of Observations 
69-71 Reference Direction 


(A) denotes alphanumeric data 
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Table II. Format of the line 2 record 


Columns Contents 
7-10 Distance 
12-13 Type (A) 
15-17 Strike (relative to traverse) 
19-21 Dip 
23 Size (A) 
25 Spacing (A) 
27 FIV ingeie (A) 
29 Filling 2 (A) 
31 Water (A) 
33-35 Waves 
37-38 Linetype (A) 
40-42 Line Pitch 
44-46 Lithology (A) 
48-49 Hardness (A) 


(A) denotes alphanumeric data 
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‘Distance’ refers to distance from the start of the traverse and is 
recorded in tenths of feet. Whereas 'Type' is the planar feature under 
consideration, 'Linetype' refers to any linear feature that is present 
on the surface. The traverse is again identified in the last 7 columns. 

The data were converted to the form shown in fig. 7 and a new file, 
GH.CONV, formed. Data file GH.CONV was built by the program CONVERT3 
(Ramsden, 1975). In this form the data are ready for processing. For. 
each traverse, CONVERT3 has combined the information general to the trav- 
erse (line 1 of each traverse of GH.CARDS) with the type 2 record data. 
(Note that when this survey was conducted, the 1972 DISCODAT manual (see 
Appendix) was effective. A revised (1973) manual incorporates innova- 
tions into the system, the major change being the adoption of only two 
field sheet forms. The result is that data are punched onto cards and 
fed into the computer in a form similar to GH.CARDS.) GH.CONV is a set 
of identical format data records, one for each observed discontinuity. 
GH.CONV(3) is an edited version of GH.CONV and is the 1788 line file used 
in the data processing. The format of GH.CONV allows for all information 
general to the whole traverse to be printed on each line for every obser- 
vation in the traverse. Therefore all information pertaining to any 
single observation, general and specific, within that traverse is printed 
out on one line.. 

The format of the converted data records (see fig. 7) is described 
in Table III. 

The direction cosines of the downward-directed normal to the dis- 
continuity are given by a, b and g, and 1, m and n are the direction co- 


sines of the linear. If no linear was observed, 1, m and n are set to 


[ees :%, sf iva ft ae 


q 


: ma i 


bile Aaa eNS Bete NDE ri secon yon a 
abu sido? -yanehy See oer ‘age aati. 
inasoy of Jes SARE, sot 54 ‘ oe pee 3 


1 ’ 
Ly) 


SYparg 2a - a of aI 

pes o%e + obs a ab A 
rank ad fexsioo RO Spree age vaistegt a 8 = oF bal 
ye y 9 Bah aad Hote C2qHAY, a ena apf | 
HI2TH. Mer oe jag soubaas “ahaa ed aii at 

“non Tayten <aye4 neetvay, A avisote aan tx 
’ Og F Rabb 6h avid apredtin voip at, sso if 
toe stiss olat batons as asab. todd Bi tue ‘oat = zien 
fox a 2f RODIN. <{ QQNAD, Ne vt tt not s at ‘eno de 4 
piuntinooerh bavineda foe A on iztaioney nash emma - 
beeu alt? o¢ r gent ath 2% hae WaGo, 19.6: poreney, hatte. on 4 a 
aotierwiat: Ifa wl eugiti 8 vel a HG ait ‘wren 
ado greys <4 SHH ‘ese ag Ltintnge ae at aavsnens atode ait 08 | 
Ys ot oninhe 0 abate Pe ffs gritevext renin ott nh 
asarctiy at seravan 4ac) OT ANhw or Tesind bie Avena: ino tarviede, oti ie je - 
Po \ i a Lon oma 03 i - 
badiwaash ef fy .9)? boa) 2byooey aber bayrowhar * ia aaornity aT ys “ 
ea . otaet ae 
“aio Sit a4 fsntan bez pathy WADA bath es 5, Zant soe Hoittoe’t Ho oat > a } 
“6D ‘i i OS sen dear /l On8..@bosb 2d. sdb” oe pheling. ° | 
2 ote 0 bos.) .bSeeeeda ae “spaniel yi ya veal: aes 7h, ak 


Soo 


47 


deem 


Pierre 


ate 


a 


Pore romain es 


yo] 


SOUL] Bue 249, -awauyXa |Yy UO SaunBL4 


VAsPOIY 40 ALISUBAINN ded 


eS oF CO nnn eee eee 
Z2usuoo 


at 


J 


2 


| 


“III Lge) aes uoLrqeuey_dxa voy 
“(E)ANOD"HD @LEF JO YnOQuLud ay, yo queg 


) ° VDOT SELL HSL OLER-09 OTEDSOLSLeetsol 9ea9 226 
Zusu9o CP re Ks) W201 6202 €0ZE LZES-aL*COEDSOISLHLAS6E weLZD Lee 
Zusu90 0 0 WIT 9522 E616 O182-v4 LEAZDSOTSL~0Z903 8S99 O04 
2uSd90 ° 0 WITTE Glez2 LEZD ELv4-92 OZEDSOISL*Se90t E259 O19 
ZuSuD0 0 t) VOI 26€1 1108 1265-238 9OEDSOISZ¥B04O1 2059 Seas 
ZuSu99d ° i) vot o T699-1E¥L 06 BETISOISZvVO1EDI wIE9 296 
Z20Su90 -—~=*OO o ~ WOOL ZOE 6562 Y299-Za ZIEDSOISLrZnHE0! 0019 Ott 
2usu90 b) i) 1 VZt Sét 0966 148 68 SUZNFOISLLIZS91 O£Fe89 e856 
2uSa90 o 0 Wsa0 D2t fle Ol?v-6206 SB SSINAOISZ%A2S01 BI1a9d Svs 
248uyu90 ie) (*) 710 DOT GE eVOR-THE ey BI DITINAOTGZ&SHSO! 6u29 1 ey 
25SxH90 t0) ° 1 vit Set beeb6-el2t 58 £6 NFOILSLHe2SGOl 22249 468 
Z24Syu90 fo} 0 t wit 6ve 6329 £922-309 T2ENFOls2vrosol £629 vit 
245090 =—Ot«t £0 Dol OSIG OOGL-OvEE-65 49 USOISLHLYSON 1629 29a 
235790 Oo (¢) v vw22 9G62k GI1- St6-T2 1 NFOlLS2r20S01 8699 9993 
Zussod06l 921 S1@6-AD t EST ¢€62S5 Beka OAT 383 292NFOLSLY56591 5699 EC 
205490 ) t) Ort Bvl HRSZ OLS LL05-S2L OVENFOISL¥Z040L 6899 962 
205499 Cy t) to d01 0 ZOUV-VFELG OS SZINAOISLPOI9DT 9499 tad 
ZySu490 0 ° t VOI VIEL 690¥-L1SS Ev beLMHOISébeE9OL SF99 EEL 
265090 = 0 OO FT wet CO9L ZEI¥-b268 0% UMEHADIGLOSSOOL 6199 Sta 
235490 0 t) 10 G2! OSIS wI¥A-GEOT 6S TOINAOTSZb¥9901 26569 229 
ZuSs0d t) C) € 0 DEI 1969 S9BS OSdb-bH EDENIOISL96OL99I 9689 209 
ZuS490 fa) 0 1 BSS FOL6 GEL LEZ2-VE LeEXXOLSLvEKSOL 0¥S9 E29 
ZuS390 0 fy) € DEI 1959 O0vb9 OCSIf-8¥ S6ZT4IOIGZ»IZLOL EeP9 Ass 
2100 Cy t) TO DOL GS22 2418-LOES LL EZINDOIGZHSE401 E59 €25 
Z2usu9d 0 t~<“<‘<‘S™é‘SN SO O«*CONON OGR2 ALIR-20ES Le FZINDOISLOObZII OSe9 02S 
Zosud0 iy 9 1 DIL O2vE 2Ol6 SST-OL Z2EZNCOIELH“SLOL %2¥9 06% 
29809) 0 () Z DVI 9HdEe TOG BYZI Aad ESENFOIGLYILLON V6E9 6Seb 
2HS490 0 ) t VET olbZ 9656 SUIT 2L OVZNFOIGL>SGLOT 1209 Yer 
ZuSsDVGEW 9ST= 9668 AD 2S VIL 9522 LeSe VAL I-ed LLZUCOLGLYESLOL 6G£9 Ste 
Zus4od n) C) 1 0 DOF CELE E258 26-03 ODENACISLOIC POL 629 See 
ZuSa90MPT. 0. Ol au “LO DIS C2VE BO9L-OFES O4 SZINADTGLZyd99a0t £29 692 
ZUSHDOZOE STZU-9ll6 Ad DZ21 GHSZ €S96 EST Sd OYZNFOIGLYeLIOI 6129 €5 
Z2adS490 9-0 0 1 VSE 6102 OUZS IFSE BL CBINCOTGLOLLUOL 9129 Ze2 
ZuSHOGLOE OGEI Clw6 CY 1 VIL 228 FUG OLLI-30 DHZNFOLGL»IOHUNI 0819 BoOZ 
20S 490 ty) 0) 1 W2I S2L 666% 6599-68 OFENFOTSL2U06I1 ELI9 96 
ZuSueLB!S BY9I-O0L%6 BI 1 VEL GOL S226 O92T 08 CYENFOISLbEOHLL BS19 ExBt 
2usy90 = 0 Oti(ti(‘“‘«‘wSSC EN eA OE O1YS=-CB LHENPOIGLDOLE0L 9519 Ot 
fuSuostze BEST-€296 G4 190 DZI YEAT TIRE YSH OO SOENFOLGEBIT6E0L SS19 621 
ZuSHn99 fr) t) 10 3S2 9v28 OFuv-C2v- 52 SB NACIGZHGILOL AYID T2t 
2usy90 0) 0 UO DLT 9e2%H B2LI-LOEd SO GOINADIGLOLIOIL velg9 aot 
zusuve 0 0 1 0 DET uus2 BI9YE-9568 SL BSINADISZ 46261 o219 Evt 
ZuSUdvéLe GL— 9HL8 AD 2390 UII Y9ELT LING ASE- OB SLZNPOISLH9OHED! ¥609 Bdt 
ZyuSH90 yA) See igh | voz o 0 6666 900 ODFINCOIGL¥Lbe01 2609 901 
Zusn99 0 0) 1 VZL SvOt Teo6-95°- 68 9B NFOIGLOYEOL 1609 Sol 
Z4s nyo t) 0 1 VSZ OWL S9CI-£9C9 BE OLINCOTSLv0GEIT 4809 O01 
ZuSn9d - oO t) 1 viz oszz ¢ evsd-L2 0 NFOLGL>ISEOL S809 86 
faSu90ldd 2506 OLE BS 290 GI2 9ELI ZLI- 2YE6-08 1 NFOTSLv95601 2209 6a 
Z2usydo 0 0 i VZl Z6EU BS6¥-9459 28 OSINFOIEL PL9601 8509 29 
ZISHOOMN aD 2 OF T  VIL Gee ~b£E6-SHOL C8 96 NFOISentzoo1 0f09 8S 
ZS 4DO ry) t) 10 39% T1402 9SCR-2ELG S® GVINAOIGLOYLE0OL 2409 Ob 
2nS490 C) ° 2 Bel O29 Glod IeE!-Le BYUZNFOISLvdL6IT 6E09 Se 
zusu90 0) 0 1 VST O21 €F22 1296-F8 LOCNFOIGLYFH6dl 6209 ve 
24S 490 0 0 10 DST GELu SETG-OvlI-\.S Za NAGIScHS969dI Zco I¢ 
$390 0 Cy) t VEE ALYS Torte L£102-.2 2uzZNrolsSev2999 G6L9 066 
$490" Oo ‘T VEt 200 208- 0416 29 SLINCFO1S2¥2094 Zod web 
$u90 rt) 0) 1 v2! OZve 0 46f6 OL OVINGCIS¢veoSa 98f9 £26 
SHDS9ER SSOT-9LES-ad 190 VSI BUSZ Zleo ELI2 32 LSENFCICLo»YBS9 28C9 $96 
sudo tv) 0 ZO DZE 6402 EGE bvl4-aL SGENFOIS2S9SA OFF9 106 
su90 () ° TO DET 26L0 2ul6-O1ZF-26 CY WAOISLYE259 9br9 cee 
$999 () 0 1 v2l 406£ G6ST S906 Ly 


OoOINCOISé PYEe3 


veces Ave 


e€soeszzs 
25065226 
ISOESLL6 
OS0OCSz46 
6v0LS2L25 
9v0ESLL5 
Lv0LSLL6 
9vOeSzi5 
S00ESLL6 
VVOEGL LO 
£voOeSL2o 
zvoesees 
lvCES2L6 
OvOESL26 
6rCESLZ5 
BLOESLL5 
LeOFSddo 
97 5ES226 
SCOCSLL6 
vECESLL6 
ELOLSLLS 
2cocszss 
TeOEeSLz6 
ccorsz26 
62OEGLLS” 
@z0ESL 46 
£202SL26 
9205228 
S¢0rss2z6 
#20FSL26 
£20€S/46 
22025226 
120cS225 
020¢5226 
€106S2246 
e1ocss/6 
210€S226 
910ESL25 
Storszd6 
wloess26 
£10CSL26 
210FS225 
l10esi 26 
O10LS226 
O£SL26 
OrSico 
OrS226 
OfS226 
O£5226 
OrSlad 
OLSZ2E 
O£FS426 
OfFSl26 
ZvozZe0b6 
lv02v0e6 
0702v066 
6£02¥066 
82020005 
££02v306 
GEO2vCv6 


=~NMEN OR DMD 


r) 
0 
0 
) 
) 
0 
oO 
i] 
0 
) 
ty 
0 
) 
) 
) 
0 
ie) 
r) 
) 
) 
0 
0 
) 
ie) 
0) 
0 
t) 
) 
0 
0 


O2TIK 3592 thy 
O2TINASOS I www 
O2TIK3ISOZ Inv 
O2TIxXISOZIavy 
OSTIK3S9Z Inv 
O2tIKISC2tHYM 
O21IK3S02 Inv 
O212K3S02 INV 
9219K 3SCZInWVy 
O2tDdx1ISO0O2Iny™ 
O21IxKXsS02TWVM 
O2tdK ISOC Inv» 
O2tSxX ISOS InIN 
N€VIKX AGO? I hy 
O2lIIK ISOS livv w 
IZIDX ISVS? tava 
OStdIKASOZSInV™ 
O2Ix 3ISO2 Inv 
O219*5S02 tnvy 
O219xK 259902 tw 
O21dx 2°Celwvy 
d2TIK S592 
219K ISO? Tava 


_O2TIK3IGOSTavy 


0213x4502 thy» 
OelIxXSSO2Inv4a 
O219% 26 C2 Inve 
O219x3S0Z2 InN 
OZ1IK 3ICC2tww™ 
O212* 256021 
OZ1DKISOSI nV 
O213K 2502 Inve 
921K 2502 Tava 
OZL3x3S02ZInwH 
O212x3SO2 Inv 
O219x5S02 Inv 
O213K3S502 Inv» 
O2LdK5S92 Inv 
02193602 tw 
O2LIXISOZ Inv 
O213x3S6C2Inv™ 
OZ1DxK aASC2Tavm 
O21IdK3L 02 Iavy 
OZIIKISG2InwwH 
O21DK 2502 tw 
O219KaAS02 Inv 
OZ1DxAGOZ Invm 
O2LDxXAGOS TAH 
O219xK 2502 Invm 
O2TIKISC? lav 
OZLDxXIECe2InvH 
OZ1IDxXIC02 TAVH 
detox 3Ec!% tw» 
OF YONGOCIWVA 


i) 
9 
© 
° 
le) 
le) 
) 
0 
0 
te} 
0 
0) 
ie} 
te) 
3 
0 
0 
} 
le) 
ve) 
te) 
bs) 
° 
0 
ts) 
i) 
9 
2 
i) 
P) 


OF YONYCZ INV 
© Ydngoeinvu» 


Qe YanI02 Iw 


© bGNGI2TAWN 


OE MUNDOZI KV 


Of AUNGIZTAV 


* Suaquinu 


vOGHO 20 
19990n920 
TeOoHo2eaQ 
1v03H920 
1%00HDZ20 
Tw09HD 29 
tecono2d 
TeCCH9 20 
Teuond2a0 
Pecon9 2a 
teco4920 
1v09H920 
1e90H929 
1eC)9 270 
Beco 29 
ToC n929 
Tecunu2d 
be0 IH) 29 


Tec 20, 


1eca4920 
TeI9H927 
Te H929 
teooH9Za 
TC 0n9 29 
Teound2) 
IeodH529 
teC 319 20 
Teo0o2) 
Te99H9 20 
Tecd9 20 
TecdW920 
Teolnd 20 
Ted dH920 
1eC2H9 2G 
PecdH20 
1Leoon%20 
tec oH92a0 
lotuno29 
Tec Hm 29 
100311929 
loconoed 
Teosnved 
tvCIHO29 
TeGun9 20 
TeCoHnv20 
Vecono27 
TvCoH920 
beodn929 


1%00HD ZO. 


eo Hd29 
Tecono 20 
teConced 
1oooHd29 
0%~C9HD20 
CvlCOH920 
Cvcono2) 
oOvconv2a 
Cv ond 27 
OvCun92) 
O9COHD 29 


| 
e@oonn 
NUNN TMM 
Ut ae a at ae Bae) 
anew w me 

t 

' 


*7 Dt 


yw 
~ 
) 
i - 


| 


” 
wo 
ca) 
- 
Se 


ee 


Q 
@ 
”" 
=< 


A 7 

Caoaenmenv on 

maeoescgdee ¢ 

oot teat ah Mite? Mito iia ited 

aoa 7--<-- 
! 


t 
ny 
ual 


| 
| 


ate bpm : 


WW 


ee T : rae a APRA S <ae7 
on ; yer’ seas [ReSup Ls” aia | ae he 
cae. * is oEteer: _ . ea} | 
I i faie 
re ee a olor #as eee 
ae = 


<7 
wee. 


eb J 


+ 
= oF 
re 7 
7 te 7 . “a Lope ™ 
aa mete ST ot a ae aes 
“Z , eee © : Rat a Le _ 
) 4 a eae ee : ety ’ m 
petsaci> Bee 4, ohh = ea ' 
— : ie. ¢ dh rs. por H 
= = * 4% +i et lee ie arn a i: cae O “ue? 
¥ ” , s t. aon : nae ore rae y i ee ae ta 
: of on one , 2.2 feev. Ae RRS ee oS rat se 1 9Ree ne 
re] yp a y & uk. ee eee 2. 9¢ote Seis Sl ae “tee ® ' 
fa 2 © Ste. a 34s pat: Ur® aeecetes 5 Faure Geee ete 4p osils ene: i» 
rs \e fh ; i@e 2 Gen Fat -Beedes 6 4 es “ect eth eg SO OS eae ee aS vere T'S _ ee : 
fe oh or, ae > ony ee ene). POR! Oe eats 
= 1 6 7) e See SOR Ss reer cia Beek C5 PUREST hie else «ie bape j 
=p Ps i) ae | ti erpal<  retet eae sake _ ogee ees 2, Ra ented > _ 460) Ge _ eee _ 2 
* ; Ful $-0224+57F . ims +r eser Ca 4 ee eee a ee 2 ‘ ‘any ie igPis 
- Fao & o _ i 2a at 4 etry gt) fe geet 24d ree “bt aeete =~ Sax See pee A eee eS o¥ 
; eo 2 e* oe: > aor Sa yaw + et Pe tab. pe ot CBU . LAP wee se é¢ . ¢ ri 
i Si aee>s wee eke 2 Siew Pieirrecas wet ee Segre s. ote = ~ iis ies | 
os asa ¥ me? ret < ge oy * .j 
FAre?. y os Pd Mi ed > n- v 7] 
; - CaeS 4 4 tart @ i a 4a00 ~ 
} wate ¢ , rae F | ie. ove 
oe | 4 oo & bed ak] § f i 
7) od ie % > 1°86 & a i ‘ 
rs d ‘i. sae f ‘ 
= 4 Si - he Toe ee gaee Las : ‘ ie 
. a s bg » >= we y i 
« are p— T eco p* 7A 
j f 7 a. & * arse ate ’ wily 
i tn iw p¥e<- SFnk% B%% 
° ,(? fi . bad Toe" 2D ee te Se # a9 
“ Se es . 7 ett ES Ares oe at es c= i ies 
we . r *} Ti y/ 4 | *% y 7 > 
= ‘ f ed a arya 7? mw Det WU “ys . & 
i i. 
4 rite a] OY 7 OAT MINS o pp ® 


48 


Table III. Format of converted data records 


Columns Contents 
] *D? 
2- 8 Traverse Identification (A) 
9- 10 Domain (A) 
11- 13 Formation (A) 
14- 17 Mine Level 
18- 20 Mine Location (A) 
21- 23 Traverse Trend 
24- 26 Traverse Plunge 
27- 30 Traverse Length 
31- 32 Number of Observations 
33 Traverse Scale 
34- 35 Sequences Number of Observations 
within Traverse 
36- 39 Distance 
40- 45 Easting 
46- 5] Northing 
52- 56 Elevation 
57- 58 Type (A) 
59- 61 Dip-direction 
62- 64 Dip 
65- 69 a 
70- 74 b 
75- 79 g 
80- 82 Weight 
83 Size (A) 
84 Spacing (A) 
85 Filling 1 (A) 
86 Filling 2 (A) 
87 Water (A) 
88- 90 Waves 
91- 92 Linetype (A) 
93- 97 1 
98-102 m 
103-107 n 
108-110 Lithology (A) 
111-112 Hardness (A) 


(A) denotes alphanumerica data; a,b,g are direction 
cosines for normals to planar structures; 1,m,n are 
direction cosines for linear structures. 
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zero. 'Distance', 'Easting', 'Northing', and 'Elevation' are all in 
units of tenths of feet, the last three being relative to the Giant 


Mine's grid and datum. 'Dip-direction' is relative to True North. 


C. RETRIEVALS 

Retrievals from the data file built by CONVERT3 were accomplished 
using the program KEY4 (Ramsden, 1975). A general search and retrieval 
program for identical record data files, KEY4 identifies subsets of the 
data file, and the program is set up in such a way that it is possible 
either to save permanently the subset of record numbers produced by the 
operation, or to retrieve the data records and place them in a separate 
file. KEY4 allows a third choice: the data records may be both saved 
and retrieved. 

The program scans the identical record data file (GH .CONV(3) in this 
survey) for the numbers of those data records satisfying a given condi- 
tion. Possible conditions are defined by the relational operators: 
equal to, not equal to, less than, not less than, less than or equal to, 
greater than, not greater than, greater than or equal to, in the range, 


outside the range. 


D. MANIPULATION AND DISPLAY 
The data in file GH.CONV(3) are in a form suited to the production 
of density diagrams. Mathematical manipulation requires the data to be 
in the direction cosines of unit axes (or vectors if the facing direction 
is known); and whereas linear types per se can be regarded as unit axes 


(or vectors) and therefore without need of processing before manipulation, 
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planar types must be considered using their normals as unit axes. Polar 
density diagrams are the most common means of displaying structural data 
and these can be produced using the computer. However, corrections must 
be made for the effects of the non-random orientation of the traverse 
lines, for errors may arise from failure to take account of the orienta- 
tion of traverses that lack sufficient variety to ensure a reliable esti- 
mate of the relative abundance of structural features. 

In this study the orientations of the observed planar structures 
were recorded in terms of strike and dip relative to the traverse trend. 
However, a program converts these readings to dip-direction and dip, the 
normals of which are then considered as three-dimensional unit axes. 
Being non-polar, convention regards them as pointing downwards and they 
can therefore be regarded as unit vectors with a trend and plunge. Each 
unit vector is then considered in terms of three direction cosines which 
are given by the angles between the vectors and three mutually perpen- 
dicular axes (north, east and down). If T and P are considered as the 
trend and plunge of the unit vector, its direction cosines, a, b, g, can 


be represented by the following equations: 


a = cosT « cosP 
b = sinT « cosP 
g = sinP 


a? b? + g? a1 


A non-polar linear feature pointing downwards can in itself be re- 
garded as a 3D unit vector, and its direction cosines are 1, m and n. 


The same equations apply. 
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Ramsden (1975) has developed the concept of "keys", being files of 
line numbers that refer to subsets of data in a data file. Keys elimi- 
nate the necessity of scanning an entire data file when only subsets of 
data are required. This tool proves very useful when keys are repeatedly 
handled, and where any one subset of data is used in several different 
ways; it can be used in more than one key. The major keys used in the 
manipulation of the GH.CONV(3) data are listed in Table IV. 

Further keys were generated by forming all possible combinations 
between levels and longitudinal division, and between these and the var- 
ious structures. 

The structural data are counted on the reference sphere and the 
densities printed out on the equatorial plane in an equal area projec- 
tion. The orientation diagrams of spherical point distributions are 
based on the fact that the radius of the unit sphere, a unit vector, 
cuts the unit sphere at one point, so that a cluster of vectors gives 
rise to a polar distribution. Also a cluster of axes, i.e., diameters 
of the unit sphere, gives rise to a bipolar distribution. Axes scattered 
about a plane give a girdle distribution. Axes or vectors with no pre- 
ferred orientation give rise to a uniform distribution (Ramsden, 1975). 

Ramsden 's (1975) program MODEL] computes certain vector and axis 
statistics and implements various probability tests. The program 
WNDPLOT3 (Ramsden, 1975) uses this output to produce equal-area projec- 
tions of the spherical distribution of points. WNDPLOT3 operates by 
estimating the density of points within a predetermined counting circle 
at each of a number of predetermined counting locations. There are 2933 


counting locations which are defined by direction cosines read in by the 
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Table IV. Major keys used in the manipulation 
of the file GH.CONV(3) 


O950LEV 
TIOOLEV representing the four levels of 
1250LEV the mine in the study 


"Regions" 1500LEV 
WEST arbitrary longitudinal division 
CENTRAL at local mine grid eastings 250E 
EAST and 500E 
JOINTS 
FAULTS the three predominant surface types 
VEINS 

"Structures" FIBRES— . 
GROOVES the three predominant linear types 
CRINKLE 


LINEARS all the line types combined 
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program at the start of each run (Ramsden, 1975). After the counting 
procedure is completed, the program constructs the plot, line by line, 
and the appropriate character is printed. The printed character rep- 
resents the percentage of the data sample counted in the counting cir- 
cle, and also represents the estimate of the density of a uniform dis- 
tribution of all the points. 

Account must be taken of the angle of intersection between the ae 
served structures and the traverse line. The convention used is one 
devised by Terzaghi (1965). She considered the cases for vertical dri] 
holes and horizontal rock outcrops, but the same theory can be applied 
to horizontal line traverses. The number of, say, joints intersected by 


a traverse line is given by: 


Lsina 
Ny = is 


where Ny is the number of joints; L, the length of the traverse; a, the 
angle of intersection; and d, the spacing between the joints. 

"If the investigator must rely on observations from [straight line 
traverses] with a nearly uniform orientation, joint orientation data are 
unlikely to provide even approximately correct information concerning 
the abundance of joints of all sets present in the locality" (Terzaghi, 
1965, p. 295). 

“Density diagrams were produced (a) with no correction factor, (b) 
with an arbitrary correction factor of 5, and (c) with a maximum correc- 
tion factor of about 11.5. Such high correction factors are, however, 
intuitively regarded with some suspicion. Of concern is the fact that 
many of the traverses are subparallel to the major shear zone structures. 
Another point that must be considered is that there are no vertical tra- 


verses. Terzaghi's warning must be borne in mind when comparing dia- 


grams ! 
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Chapter VI 
DATA DESCRIPTION 

The structural data were first analysed by comparing stereograms 
developed for each of the 14 major keys (see Table IV). Note that in 
the descriptions below the surface and linear types are described in 
turn by level (representing the four levels of the mine in the study) 
by longitude (arbitrary division at the mine grid eastings of 250E and 
5OOE - hence East, Central and West), and by level and longitude to- 


gether. 


A. JOINTS 

1. By Level 

All stereograms show a broad spread of poles along the primitive 
circle indicating predominantly vertical or nearly vertical joints that 
strike between due north and about N45° (fig. 8). Most stereograms 
. display one concentration of poles that indicate near vertical joints 
having a dip-direction of about N290°. Secondary maxima suggest a joint 
set dipping very steeply to the ESE. Most stereograms also indicate a 
weak, nearly horizontal joint set - notably absent from the 1100 Level. 
2. By Longitude 

A fairly simple pattern on the lines described above exists for 
joints in the East and West (fig. 9A,C). The stereograms show a broad 
maximum of poles for near vertical joints with dip-direction N290-310° 
and the possibility of a horizontal set in the east. However, a slightly 
different pattern of poles is displayed by the stereograms for Central 


joints (fig. 9B): there is a broad discontinuous girdle of poles 
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Fig. 8. Poles to joints. 
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around the primitive circle with three low maxima indicating near ver- 
tical joints with dip-direction between N275° and N330°. There is also 
a suggestion of horizontal joints. 
3. By Level and Longitude (figs. 10 and 11) 

(a) O950LEV. 

(i) West (186 observations). The stereogram (fig. 10A) shows a 
fair spread of poles; about 60% indicate near vertical joints with a 
dip-direction about N100°, and 30% show a second, approximately vertical 
joint set with a dip-direction of N310°. A possible third joint set 
(less than 5%) dips steeply SE, dip-direction being about N160°. There 
is a suggestion of a horizontal joint set. 

Only the western horizontal division is represented on the 0950 
Level. 
(b) 1100LEV. 

(i) West (303 observations). A broad maximum of poles (90%) in- 
dicates a steeply NW-dipping joint set with dip-direction of about N300° 
(see fig. 10B). 

(ii) Central (49 observations). The pattern of poles in the 
stereogram (fig. 10C) indicates a girdle about the primitive circle. 
There are, however, numerous low maxima (mostly less than 20%) around 
the girdle. One near vertical joint set (about 25%) has a dip-direction 
N314°. Another set (also about 25%) dips 87° to N207°. There is no 
indication of a horizontal joint set. 

(iii) East (72 observations). A discontinuous girdle is indicated 
for the data (fig. 10D), but a prominent maximum (45%) shows a joint 
set dipping 85° to N295°. A near vertical joint set with a maximum of 


40% has a dip-direction of N250°, and another dips about 30° to N95°. 
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Fig. 10. Poles to joints 
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(c) 1250LEV. 

(i) West (240 observations). No horizontal joints are indicated 
(fig. 11A). One cluster of poles (40%) indicates a set of joints dip- 
ping 78° to N268°. The second maximum (40%) indicates a joint set dip- 
ping 80° to N310°. A third maximum (10%) suggests another joint set 
dipping 64° to N95°. 

(ii) Central (105 observations). An unclear pattern is shown by 
the diagram (fig. 11B). Noteworthy is a maximum of poles (10%) showing 
a joint set dipping only 15° to the NE. Other near vertical joint sets 
dip steeply to the SE and NW. 

(iii) East (250 observations). The diagram (fig. 11C) shows a 
polar maximum (60%) for a joint set dipping 88° to N295°. A horizontal 
joint set (15%) is also apparent. 

(d) 1500LEV. 


(i) East (198 observations). 70% of the poles indicate a near 


vertical set of joints with dip-direction N108°. A nearly horizontal 
set (20%) dips 10° to N197°. Another vertical joint set, dip-direction 
N165°, is also indicated (see fig. 11D). 

Table V displays the orientations of the more important joint sets 
for each subdivision. In all three divisions, West, Central and East, 
there is a steeply northwest-dipping joint set with a dip-direction of 
N295-315°. In the West and East divisions another possible joint set 
has a dip-direction of about N95-110° but with a rather more variable 
dip (30-89°). In the Central division a joint set dips steeply south- 
west. There is a suggestion of a joint set with dip-direction N250-270° 
on the 1250 Level West and the 1100 Level East. An approximately hori- 


zontal joint set is found more or less throughout the study area. In 
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Fig. 11. Poles to joints. 
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Table V. 


0950 LEVEL 


1100 LEVEL 


ZS05L EVEL 


1500 LEVEL 


The orientations (dip-direction/dip) of the 


more important joint sets 


West Central 


100/88 
310/88 
horizontal 


300/88 (girdle) 
315/88 


205/87 


30/15 
125/85 
215/87 


270/78 
310/80 
95/64 


East 


(discontinuous girdle) 
295/85 
250/88 
95/30 


295/88 
horizontal 


110/89 
200/10 
165/89 
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the Central division, and to a lesser extent in the East, several other 
joint sets are apparent. 

The predominant joint set that dips steeply to the northwest re- 
flects the attitude of the schistosity in this part of the mine. The 
Slight differences from West to East may or may not be significant. 
Previous studies (e.g., Boyle, 1955; Brown, et al., 1958) also noted a 
slight change in orientation across the shear zone. However, the rela- 
tionship between schistosity and the Giant Mine ore-bodies, which tend 
to plunge northwards, is not clear. Moderately east-dipping joints are 
encountered in the Con Mine at Yellowknife (Z.T. Nikic, personal com- 
munication, 1975). These may be related to the nearly horizontal joint 
set in Giant Mine and could conceivably be a result of pressure release 
associated with erosion of overlying rocks. 

In this part of the Giant Mine the shear zone dips vertically or 
steeply eastwards yet the schistosity dips vertically or steeply west. 


This appears to be indicative of shearing whereby the eastern side moved 


upward relative to the western side. 


B. FAULTS 
Several sets of faults are evident and none of them appear to be 
restricted to any one part of the study area. Although only 54 observa- 
tions of faults were made, and the breakdown into longitudinal divisions 
and levels lessens the control on the fault data, the following observa- 
tions tend to hold for most stereograms. 
There are two dominant fault orientations (see fig. 3B). One 


series of faults has a near vertical dip and a dip-direction of N320-345° 
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(60%). A second set of very steeply dipping faults (20%) dips westwards 
(N275-280°). Together these two groups of faults comprise a conjugate 
fault set, roughly 65° apart, bisected by the shear zone schistosity. 
Also, there are several faults (10%) with moderately steep dips 
(50-80°) and a dip-direction between N235° and N300°, and others that 


dip towards the southeast (<10%). 


Ce VEINS 

There are 234 observations on veins. Note that the stereograms do 
not distinguish between quartz, carbonate and quartz-carbonate veins. 

The stereogram for all veins (fig. 3C) shows a non-random pattern 
in which veins that dip moderately to the southwest or west and veins 
that dip steeply east and north are most common. There is also a Sug- 
gestion that there is a set of nearly horizontal veins. Two vaguely 
defined girdles are apparent containing the poles to the veins. [One 
girdle dips shallowly to the east (about N90/20), the other rather more 
steeply to the south-southwest (about N195/70). The girdles are approx- 
imately 75° apart in a steeply northwesterly dipping plane (about N290/70).]. 

On breaking the data down into levels and longitudinal divisions, } 
at least three sets of veins are evident. Table VI gives the orientations 
_ of these and the other more important sets of veins for each subdivision. 

One set, with an orientation of about N240/76, is important in the 
West division (O950LEV West, 1250LEV West; see fig. 12A). Another set 
dips very steeply eastwards (N90/84) and is apparent to a certain degree 
throughout the area on all levels (fig. 3C). A third set of veins that 


dips steeply southwards (N175-195/80-90°) appears to be absent from the 
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Table VI. The orientations (dip-direction/dip) of the 


0950 LEVEL 


1100 LEVEL 


1e507LEVEL 


1500 LEVEL 


more important sets of veins 


West Central 


180/90 
240/87 


330/72 
85/86 


40/12 290/89 
355/46 


15/90 135/79 
240/65 100/89 


305/76 
330/76 


East 


90/88 


215/75 
175/83 
200/79 
115/88 


85/71 
75/54 
25/45 
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Central division but only 26 observations fall into this group. Hori- 
zontal veins are not locally prominent. Moderately northwest-dipping 


veins are most common on the 0950 and 1250 Levels (fig. 12B). 


D. LINEAR STRUCTURES 

Three linear structures were observed and measured on fault and 
joint surfaces. One was a crinkle lineation, but as only three obser- 
vations of this were made its significance will not be considered 
further. Twenty-five observations of grooved slickensides, GROOVES, 
and 184 observations of fibrous mineral growths, FIBRES, were made. 

The stereogram (fig: 13A) which combinates all the linear struc- 
tural information, LINEARS, indicates a nearly north-south girdle of 
points about an approximately horizontal axis which trends N95-100°. 
However, within this girdle several maxima are apparent that indicate 
linear structures which plunge either very steeply or at a shallow 
angle. The following are the trends and plunges, respectively, of the 
four most prominent clusters of points: N10-10°; N20-75°; N180-70°; 
N185-20° (90% of total). Most, but not all, other stereograms of sub- 
sets of these data agree fairly well with this pattern. The stereogram 
for FIBRES (fig. 13B), for instance, is almost identical, and a strong 
girdle array is evident, but other stereograms show moderately and. 


gently plunging linears plunging to the northeast and southwest. 


Exc FIBRES 


1. _ By Level 
The stereogram for the 0950 Level (40 observations) does not show 
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Fig. 13. Linears; fibres. 
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a girdle, though the clusters of poles are identical to three of those 
noted above (90% total). 

A roughly N-S girdle is displayed by the stereograms for both the 
1100 and 1250 Levels (fig. 144). In each case the axis for the girdles 
is approximately horizontal and trends about N95°. Although there is 
some evidence of minor, shallowly NE and SW plunging fibres on the 1250 
Level, steeply north and south plunging fibres are dominant (over 60% 
on the 1100 Level). 

The girdle pattern in the stereogram for the 1500 Level (28 obser- 
vations) is somewhat fragmented but still quite obvious. The shallow 
NE and SW dipping fibres are also in evidence and hint at a second gir- 
dle about a horizontal axis that trends southeast. Again, steeply north 
and south plunging fibres are dominant (45% together). 
2. By Longitude | 

With more than half of the observations occurring in the West divi- 
sion (104 observations on fibres), the stereogram, FIBRES WEST, shows a 
good girdle pattern developed about a horizontal axis trending approxi- 
mately N95° (fig. 14B). Also obvious are the four structural orienta- 
tions noted above (over 90%) - with fibres plunging steeply and shallowly 
to the north (N5-75°; N10-10°) and the south (N185-70°; N185-20°). There 
is little evidence of a ee onda nale: 

A similar situation exists in the East where the stereogram, FIBRES 
EAST, indicates a fairly good N-S girdle about a horizontal axis (fig. 
14C). The shallow, south plunging fibre cluster is absent and there is 


some suggestion of shallow NE and SW plunging fibres. 
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In the Central division the situation is not clear. The stereogram, 
FIBRES CENTRAL, involves only fifteen observations. The N-S girdle is 
absent. There is a rough northeast-southwest girdle about a horizontal 
axis trending about N150°. Two polar maxima indicate fibres plunging 
shallowly to the southwest and northeast (N245-10°; N65-20°), but there 
is a third maximum showing fibres plunging N150-10°. 

3. By Level and Division 

No changes in orientation of fibres are discerned by breaking the 
data down into level and division. Stereograms for O950LEV West, IIOOLEV 
West, I250LEV West, 1250LEV East and 1500LEV East all display to a greater 
or lesser degree the north-south girdle, and have the four polar maxima 
of fibres plunging steeply and gently to the north and south. Both 
1250LEV East and 1500LEV East also suggest a NE-SW prendina girdle, and 
this is the pattern produced by fibres for the 1250LEV Central stereogram 
where the N-S girdle is absent. (The 1100LEV Central and 1100LEV East 
have too few observations for worthwhile comment.) 

Fibrous lineations are plotted on stereographic projections as two 
girdle patterns, one of which is dominant. Both girdles are developed 
about horizontal axes a little under 60° apart in the horizontal plane. 
The horizontal angle between the two girdles is bisected by the schist- 
osity. The attitude in space of the girdles is identical to the conju- 
gate fault set described in a previous section. This suggests that be- 
cause most of the linear data were observed on "joints" the joints are 
in fact "mini-faults", and that these faults and joints were developed 
during a dilatant stage allowing fibrous mineral growth. The direction 


of mineral elongation was, of course, a response to the prevailing stress 


ieereabia tad 2 et? tneta ten a? via cota bab adh sia s ‘ 
ab ofiniy 246 wey -eobearranan say ino wnt SATE 
 fatfiettvedt p seode Ste rr Sir * ant 


it -_ . voy a PC M ms 
i 4 ne, Pe Peau ae eee ee 
A a | owt 708K ites es “a 


Be 


‘ 


Aiity “Sud  ad-om ae 


i chal papas Ae 


‘ 


1s) 
= 


, ‘seid 4) beeper ate ‘ih te patsagilp 
VAKOON ,teeit VDA OF geieipommne |: aoteteh bag faver a mob, 
qateow a ot gatoath fhe gape eeaaaee im ea ML we ala 
ol tan qefou swat edt Bent bee Vaiels SONetnen add 
(08 hue Den serio ota OY Niaaee ters. ‘Nigar cota 
bas oferty -qudnes Meee Cini ih Rar ages eh 


paepaterv at rf 
emgta Seine Pied wy _— *08 ebey sttot 4g tuk tt jt 
ie ost vif tiadsiett ‘at ceibehe oa ts rovused ole OT tee 
~uLron “wind? oe LSo¢ anay: zf RENE ort * Soane a} sean iat “eh Bi 
~sd Pent adeceiais shit .apisage quoter ane aches Oy stun ng 
Dae eparat: ain "2intoel” co haved Sui utah mane se) s otras 
boqatevel vtow-ainich bens artes, whetid Sd Mngt ee ae oe dea 
pit oe re srt] fwd i Bic wae > pitusl fy th aoe % ontaviele 
s2eaye pat it eves ont a niles ia 6 . 22498 | ‘Ha ee lade ie a 7 
| a : 4 


71 


field. The clusters of fibrous lineations within the girdles indicate 
that the stress field changed. Whereas the gently plunging fibres in 
both girdles indicate that approximately horizontal shearing took place, 
the steeply plunging fibres suggest some vertical movement along the 
faults - perhaps at a later, and still dilatant, stage. The maxima for 
vertical fibres appear to be associated only with the N-S girdle. Ver- 


tical movement was therefore confined to the N-S trending faults. 


F. GROOVES 

There are only 25 observations on grooves. Most stereograms of 
subsets of the data therefore do not contain enough information to allow 
comment. This is especially true of the stereograms for data subsets of 
longitudinal divisions and levels. By level, only the 1250 Level stereo- 
gram (14 observations) shows an appreciable pattern. finene is a vague 
suggestion of a north-south girdle in which a cluster of poles indicates 
steeply south plunging grooves. A nearly identical pattern is displayed 
by the stereogram, GROOVES EAST (13 observations), which, in addition, 
suggests gently north plunging grooves. Both contain poles of moderately 
southwest plunging grooves. 

The pattern of grooves does not disprove in any way the ideas ex- 
pressed regarding fibres. Rather, the pattern of grooves supplements 
the pattern of fibrous lineations. For though dilatant conditions pre- 
vailed over most of the area at the time the faults and joints ('mini- 
faults') were being formed, locally the respective fault blocks impinged 


and rubbed against each other thereby causing grooved slickensides to 


form. 
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It is likely that the schistosity preceded such fault and joint 
development, and it is possible it had an influence on the orientation 


of the later structures. 


Chapter VII 
MICROSTRUCTURES 


A. INTRODUCTION 

Forty-two thin sections were made from the orientated samples col- 
lected on the four levels of the study area. A further seventy-seven 
thin sections had been made from a 150-foot long diamond drill core 
from a hole drilled completely across the main Giant shear zone, but 
somewhat above the study area. 

A number of thin sections fers stained in order to distinguish 
between carbonate minerals. A combined Organic and inorganic stain was 
used. The solution, developed by Evamy (1963 - see also Friedman, 1971) 
includes alizarine red S, potassium ferricyanide and hydrochloric acid. 
The thin sections did not need prior etching and the stain was applied 
directly to produce the following colours: iron-free calcite - red; 

- dron-poor to iron-rich calcite - mauve to purple; dolomite (sensu stricto 
i.e., iron-free) - unstained; iron-poor dolomite to iron-rich dolomite 


and ankerite - light blue to dark blue. 


B. OBSERVATIONS 
Immediately apparent is a schistosity that is either cut or paral- 
led by several sets of veinlets. The schistosity is naturally most 
strongly developed at the centre of the shear zones. 
A relatively unsheared fine-grained greenstone groundmass passes 
from a mafic chloritic rock, locally with the remains of amphiboles, 


into strongly schistose sericite-chlorite and sericite-carbonate rocks. 
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Quartz and carbonate minerals, either mobilized in situ or introduced 
from elsewhere, occupy much of the central parts of the schist zones 
where shearing has been most intense. 

Small faults with a displacement up to 5 mm are common parallel to 
the schistosity in the central parts of the shear zones. Iron-rich 
carbonate and quartz-carbonate veins tend to parallel and emphasize the 
overall foliation and are often bounded on one side by one of the small 
faults mentioned above. The veins were initiated during the formation 
of the shear zones, and movement locally appears to have continued after 
vein emplacement. 

Shearing, and the presence of various veins, commonly impart a 
banded fetus to the schists. Typical alternating bands might be of 
chlorite schist, quartz-carbonate-sericite schist and relatively coarsely 
crystalline carbonate veins. Fine-grained sericite occurs where shearing 
appears to have been most intense. Strings of opaque sulphides and 
‘ Jeucoxene in places add to the banded appearance. 

Not uncommon in some of the shear zones is a breccia-like feature 
that may or may not have a real tectonic origin. A few thin sections 
from the study area display patches of fine-grained quartz, strained 
coarse-grained quartz, and sericite, separated by thin sericitic and 
chloritic shear zones. These often carry finely comminuted opaque 
minerals including leucoxene and sulphides. Quartz and sericite pres- 
sure fringes are common around some of the opaque minerals. However, 
thin sections taken from the core show all manner of textural variations, 
and the irregular aspect might be due to the section having been cut 


approximately parallel to the schistosity so that undulations in the 
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schistosity give rise to spindle-shaped "fishes" of more competent rock 
within a sea of sericite and chlorite. 

A crinkle undulation in the schistosity has in fact locally given 
rise to bands of darker and lighter green-coloured chlorite. This fea- 
ture is seen only in the thin sections cut normal to the schistosity. 
Poorly developed and vague kink bands are seen in one thin section. 

Fold structures are, however, not particularly common. Folding is 
generally restricted to drag-type structures adjacent to the shears. 
The smal] drag folds with an amplitude up to about 2 mm are commonly 
outlined by thin layers of opaque minerals. Crosscutting veinlets are 
deformed into folds whose axial surfaces parallel the schistosity, and 
although these veinlets are very thin, they are nevertheless persistent 
within the area of the thin section. 

A few thin sections, both normal and parallel to the major folia- — ~ 
tion, contain smal] (0.5 mm long) tabular andesine (?) plagioclase 
- crystals at odds with the dominant schistosity. There is a suggestion 
the crystal laths describe a conjugate set 60° apart, that may or may 
not be bisected by the schistosity. The grains do not seem to lie in 
a single plane perpendicular to the foliation. 

Unlike the feldspars of the groundmass these grains are not ob- 
scured by extensive sericitization. The grains are strained and they 
show mainly simple twinning: repeated twinning with fine lamellae is 
absent. Gorai (1951) and Turner (1951) agreed that plagioclase twins 
are rare in metamorphic rocks; that if they are present they tend to be 
simple rather than multiple twins; and that there is a tendency for the 


twins to be albite or pericline and not conform to the other laws. 
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Turner also noted that "there seems to be no general correlation between 
abundance of twinning in metamorphic plagioclase and degree of deforma- 
tion experienced by the enclosing rock" (Turner, 1951, p. 582). The 
presence of these relatively unaltered feldspars in schistose rocks 
characterized by extensive alteration indicates that there must have 
been a late thermal event after the main period of shearing and serici- 
tization. Also the strained nature of the grains and their orientation 
with respect to the dominant foliation point to a late shearing event. 

Nine thin sections from along the core were initially chosen for 
Staining. Distinct, clear colours revealed at least four carbonate 
minerals in the rocks, namely: iron-free and iron-rich calcite, and 
dolomite and ankerite. It is not known how the stain affects other 
carbonate minerals such as siderite. The stained thin sections showed 
an increase in the iron content of the carbonate minerals of the veins 
towards the central parts of the shear zone. Fifteen thin sections from 
- the study area were also stained. These were chosen mostly from within 
the main part of the major shear zone, or from nearby. The results 
supported the first observations: that there are several carbonate min- 
erals in these rocks and that the vein carbonates become markedly more 
iron-rich towards the central parts of the shear zone. 

In any one thin section from a locality away from the shear zone 
the occurrence of small specks and blotches of iron-free calcite is a 
common feature. There may or may not be a minor amount of iron-rich 
calcite. Ankerite becomes increasingly important in the groundmass near 
the centre of the shear zone. Intensely sheared rock has ankerite as 


the predominant groundmass carbonate, with minor amounts of iron-free 
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calcite being present locally. Iron-free calcite is the most common 
vein carbonate. Ferroan calcite or ankerite may be present in small 
amounts in some veins. In the central parts of the shear zones there 
are uncommon veins of iron-poor calcite and dolomite, and in places 
these veins can be seen cutting across the ankerite-rich groundmass, 
the calcite and the dolomite replacing the ankerite (see Plate A). Not 
yet observed is the presence, together, of three different carbonate 
minerals that crystallized at the same time. 

Concomitant with the hance in iron content of the carbonates as 
the shear zone is approached is the replacement of chlorite by sericite. 
It is possible, therefore, that during shearing and the chlorite to 
sericite alteration iron was mobilized, and was taken up by the vein 
carbonates. There also appears to be a change in the epidote minerals. 
In the central parts of the shear zones epidote may locally give up some 
iron: clinozoisite has been identified with some uncertainty. 

With regard to the relationships between microstructures, the as- 
sumption has to be made that the all pervasive schistosity seen in the 
thin sections was due everywhere to the major shearing event that formed 
the shear zones. It can be argued that another shearing event may have 
occurred locally before or after the major event. If the major shearing 
did not affect all rocks everywhere there may be evidence of a former, 
less important, schistosity. Alternatively, later shearing after the 
major event could locally obscure the earlier schistosity. 

Assuming there was but one major schist-producing event, the fol- 
lowing observations can be made. Vague to locally well defined bands 


of chlorite and minor amounts of other minerals are cut by the schist- 
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Plate A. Photographs of a stained thin section in plane polarized light. 
Vein of iron-free calcite (red) and dolomite (unstained) cutting 
across chlorite-sericite groundmass containing ankerite (blue). 

Vein is about 0.3 mm wide. 
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osity. These bands are interpreted as possibly being the remains of 
altered pillow margins. Some quartz-calcite-ankerite veinlets were 
emplaced prior to shearing. Where deformation was not particularly 
intense they can be seen to have suffered folding or rotation, and 
displacement parallel to the schistosity. They have been obliterated 
from the central parts of the shear zones. Numerous quartz and quartz- 
carbonate veins, pods and rodded masses were emplaced parallel to the 
schistosity. Some of these may originally have been discordant to the 
schistosity but during deformation have become rotated parallel or nearly 
parallel to the schistosity. There are several sets of quartz and car- 
bonate veins discordant to the schistosity that were emplaced after the 
major shearing event. Most of the strictly quartz veins cut across the 
schistosity at about 90°. The quartz-carbonate and carbonate veins tend 
to comprise a group that trends anywhere between 20 and 45° to the schist- 
osity. Although there are exceptions to the rule, where relations are 
seen, the carbonate veins are commonly younger than the quartz veins. 
Locally, the quartz-carbonate veins comprise a central calcite section 
bordered by quartz. Ubiquitous narrow shear zones, at odds with the 
schistosity, give evidence of minor deformation after the major event. 
Most of these minor shears are post-vein development but some show rela- 
tions that indicate vein emplacement was contemporaneous or later than 
the minor shears. These minor secondary shears appear to have all con- 
ceivable orientations. However, relative to the major schistosity, 


there is a tendency for them to be orientated at about 20-25° and 135- 
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Chapter VIII 
STRUCTURAL ANALYSIS 


A. INTRODUCTION 

One major structural problem at the Giant Mine is to account for 
the apparent folded character of the shear zones. Fig. 15 shows the 
general nature of the "antiform-synform" pair formed by the zones. Schist 
development within the zones provides evidence of ductile deformation 
along them, and there are indications of folding within the zones which 
Brown, et al. (1959) ascribed to "drag". 

Between sections 1500'S and 2500'N (about 1300 m) the crest of the 
western antiform plunges northward at 15-25°; the trough of the central 
synform and the crest of the eastern antiform both plunge south at an 
average angle of 12° (Brown, et al., 1959). Brown, et al. (1959) noted 
that the amplitude of the antiform-synform pair changes from about 1600 
ft (500 m) near the 'C' Shaft to less than 600 ft (180 m) some 4000 ft 
(1200 m) northwards. 

A regional folding hypothesis was advanced during the early explora- 
tion work to account for the attitude of the shear zones. Geologists 
thought that the shear zone might be confined to a tuff bed caught up in 
regional folding. However, detailed mapping of the Yellowknife greenstone 
belt by Henderson and Brown (1952) indicated that the greenstones were 
unfolded, and it was concluded that the Giant and Campbell shear zone 
systems followed major early faults (cf. Bateman, 1952). Brown and Dadson 
(1953) and Brown, et al. (1959) attempted to apply stress and strain anal- 


ysis to the problem to explain the zone origin by shearing, but to the 
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present day the geological staff at Giant have "no firm concensus" re- 


garding the structure there (B.F. Watson, written communication, 1976). 


B. STRAIN ANALYSIS 

Measurements of the geometrical effects of displacement and internal 
distortion can be made with a view to estimating the nature and amount of 
Strain. Where large-scale rock deformation has taken place by ductile 
flow it is usual to find that the finite strain state varies from place 
to place. Where high strain states in deformed rocks have been localized 
in roughly planar zones, features known as "Shear belts" or "Shear zones" 
are produced (Ramsay and Graham, 1970). As Ramsay and Graham (1970) 
pointed out, most geological studies have concentrated on establishing 
the state of strain over regions that are small enough to be considered 
as homogeneously strained. Diagrammatic methods have been employed to 
help visualize the variations in strain through the rock (e.g., Cloos, 
1947; Dunnet, 1969; Elliott, 1965, 1968; Flinn, 1962; Ramsay, 1967; Ramsay 
and Wood, 1973). However, they have their limitations because for the 
computation of strain it is necessary to have objects in the rock whose 
original shape is known (e.g., Barr and Coward, 1974) and most rocks lack 
such objects. 

Ramsay and Graham (1970) developed a method of describing the varia- 
tion in strain across a shear zone. Their ideas were based on a concept 
they termed "strain compatibility". Basically, strains and displacements 
are interdependent, one on the other, so it follows that it is impossible 
for random and totally different strain states to lie adjacent to one 


another in a deformed body. Therefore, because rocks form a continuum of 
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connected particles, displacements in one part of the body will enforce 
displacements in an adjacent part. Thus there can be neither a random 
variation in the states of strain, nor a disordered arrangement of the 
body's internal fabric (Ramsay and Graham, 1970). 

Penetrative planar fabrics such as schistosity are formed perpendic- 
ular to the direction of maximum finite shortening (e.g., Wilson, 1961; 
Ramsay, 1967; Oertel, 1970), representing the XY plane in the finite 
strain ellipsoid with axes X>Y2Z (Ramsay and Graham, 1970). A penetra- 
tive mineral lineation can be produced parallel to the direction of maxi- 
mum finite extension (Oertel, 1970; Schwerdtner, 1973b). Wilson (1961) 
noted that once rocks have’ become schistose, further deformation will 
probably take place along the planes of schistosity. Schwerdtner (1973b) 
showed how progressive deformation of most schistose rocks consists of 
an initial "“anisotropy-creating phase", during which schistosity and 
mineral lineation develop, followed by an "anisotropic phase", during 
which numerous translational slip surfaces are generated parallel to the 
schistosity. This discontinuous deformation may be regarded as simple 
shear on a scale that is much larger than the average spacing of neigh- 
bouring slip surfaces (Schwerdtner, 1973a). But during a given period 
of progressive deformation, simple shear parallel to schistosity could 
lead to marked differences between the schistosity normal and the direc- 


tion of greatest finite shortening (Schwerdtner, 1973b). 


C. SHEAR STRAIN IN SHEAR ZONES 
Ramsay and Graham (1970) showed that for a planar shear zone, the 


displacements across it could be interpreted as heterogeneous simple 
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shear without volume change, or some combination of heterogeneous simple 
shear with heterogeneous volume change. If the rock adjacent to the 
shear zone is undeformed, and there is no change in volume, the displace- 
ments within the zone can be attributed to simple shear only. In the 
Shear direction the shear strain (y) is given by: 

y = tanyp 
where » is the angular shear (see fig. 16A). The initial orientation of 
the principal extension direction of the first formed strain ellipse is 
at 45° to the shear direction, and therefore also at 45° to the walls of 
the shear zone (Ramsay and Graham, 1970; fig. 17A). This angle (6') de- 
creases with increasing shear (fig. 17B). Ramsay and Graham (1970) sug- 
gested that a measure of the shear strain could be had using the expres- 
sion: 

tan 26' = 2/y 
Fig. 16A shows the distortion of a circle by simple shear. Fig. 16B is 


a plot of the variations of e' for initial angles of 45°. 


D. DISPLACEMENT ACROSS SHEAR ZONES 

It is possible to integrate the shear strains from different points 
across a shear zone to compute the displacement across it. Following 
Ramsay and Graham (1970), the shear strain displacement és over any small 
elemental sector of width 6x is given by: © 

6S = yé6X 
and the total displacement Se hee the zone is the sum of all such elements: 

x X 


S = 26S = Lydx 
0 8) 


siqmle zugenapoisied te oe Nee mee 
ad? of Semosbhs aoc ef 21, ee 
sosfoxth og panes al egnen>: on rr sro te, ic 
ade al “i9 ee ee + WW ere 
fe Yaeh Sais at @) ece wR 8 


ri a F 
= & 4 7 
ot Ps in. ” i baat . gi 
v ? a 


Se ace tad i fetsintadt at pth as Bi etvens | 

} salt fo ates bade? sn tae apa 
iy edt ot °S6.08 Oahe euohstet bas .naidanrttvndade om 
st 1%) ofqe ent ARSE gh (ORD eamane anes ani 
sea, LOC) pretend: ben aan AGT Bt bore ‘eatessiiant 1 
vgs oft ouileo bead bhoop where iene em? ° ree 


burn He ; ue i 
yi 


vt Rol ne ele res Qian) ee nena 6: @ oteystehb. 0 abt a 
sae ag len “intat at oh ‘gto anongabey 49. ; 


wee S =a 


| , } ab: 
ie | : }' i bb ry, iy * vy } : a [7 Py <« : 


stator, tot ont ehignd a py oa beset of eldt econ af ae a 
pohioliot 2b atone Sapmmgalearb ‘Baa shvighoo “02. anok seve: 
(Lome “ne ove ee m= Amita amide aad orld AGRE “idan ee 


~ 


} 


a | 
:atheneTn town Bete rate wt et ovis st arora “a feted ong be i a 


Unstrained state - Strained by simple shear 


99 


orientation 


(0) 5 40 15 20 
Shear strain Y : 


Fig. 16A. Distortion of a unit-circle by simple shear in two 
dimensions; x.y and x,,yj: coordinates of a point before 


and after shearing; y: shear strain = tan y; 4: angular 


shear; Aj,Ao: principal quadratic extensions; 6‘: angle 
between the major axis and the shear plane (after Ramsay, 
1967). . 


B. Variations of the angle 6' with increase in 
the shear strain y. See text for explanation (modified 


after Ramsay and Graham, 1970). 
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which at the limit becomes: 
Ss = is ydx 


an integral which represents the area under the curve. 


E. APPLICATION TO GIANT MINE 

This study looked at that part of the mine near the trough of the 
synform, immediately north and south of section A-A' in fig. 15. Here 
the east-dipping ASD zone meets the west-dipping GB zone. The latter is 
cut by the "312" fault, but the ASD zone is continuous, and for the pur- 
poses of simple strain analysis it is assumed to be tabular. 

Following the procedures of Ramsay and Graham (1970) outlined above, 
an attempt was made to determine the shear strain and displacement across 
the ASD zone. Several assumptions were necessary to allow computation 
of strain by their method. This was partly because the mine's workings 
do not penetrate totally unschistose country rock on either side of the 
shear zones and diamond drill information was not available. 

First, the orientation of the ASD zone was assumed to be constant at 
N120°/65° (dip-direction/dip).. The figures are derived from Brown, et 
al. (1959). Secondly, the zone's width, from unschistose rock to unschist- 
ose rock was assumed to be about 500 ft (150 m). From Ramsay and Graham 
(1970) it was assumed, thirdly, that the schistosity was originally at 
45° relative to the shear zone (see section C above, and fig. 17A), and 
that this angle decreased during shear deformation. The fourth assumption 
was that there was little or no transformation or rotation of the schist- 
osity (see, however, section F below). It was also assumed that there was 
no volume change (see below), and last, the analysis was based on the 


assumption that deformation took place by simple shear (Ramsay, 1967). 
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Fig. 17. A: Schistosity initiated at 45° to shear zone 


walls. 
B: Angle between schistosity and shear zone 


walls decreases with progressive shearing deformation. 
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The orientation of the schistosity relative to the shear zone was 
then determined using the values from Table V (p. 61). Values from the 
West and Central divisions of Table V were compared with the attitude of 
the ASD zone, and the shear strain (y) was determined by checking the 
relative orientation of the schistosity against the curve for 6' in fig. 
16B. The value of y obtained in this manner was plotted against distance 
across the shear zone reflected by the Mine Grid in fig. 18. A minimum 
figure of 2.5y is derived for the shear strain across the ASD zone. 

The area under the curve in fig. 18 gives the displacement (s) across 


the zone. From Ramsay and Graham (1970, see above): 
Ss = ifs ydx 
Substituting 500 for x and 2.5 for y, this integral becomes: 


Poy 2.5dx 


2.5(500-0) 


1250 

Therefore, the thrust movement along the ASD shear zone was in the 
order of 1250 ft (or about 380 m). 

Ramsay (1967) stated that after deformation the angle any lines make 


with the X direction is changed, so that: 
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Fig. 18. Diagram showing the variation of shear 
strain y across the ASD zone. 1250: 1250 


Level; 1100: 1100 Level. 
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As schistosity is initiated at 45° to the shear zone wall (Ramsay 


and Graham, 1970), 6 = 45° and therefore tan 6 = 1, so: 


Along the ASD zone 6' = 20°, therefore tan 9' = tan 20° = 0.364. Substi- 


tuting: 


1/2 
0.364 = (22) / 
1 


or 


Zonpioteoeae 


2 im 


Copel age 
where A, and A» are the principal quadratic elongations of the strain 
ellipse (see fig. 16A). Note that this figure has been determined in two 
dimensions only: volume changes have not been considered. A, is thus 


equivalent to X in the 3D strain ellipsoid (where XzY2Z) and A» is equiv- 


alent to Z. The X:Z strain ratio is therefore about 8:1. 


F. DISCUSSION 
As noted above, certain assumptions were made before the values for 
shear strain, displacement and strain could be determined. These assump- 
tions were necessary in order to use Ramsay and Graham's (1970) method of 


shear strain calculation. 


In detail the ASD zone may not be exactly tabular, as there are varia- 
tions in the schistosity that reflect local variations in host rock and 
degree of strain, and it is difficult to define the exact edge of a grada- 
tional thing. However, the cross sections of Brown, et al. (1959) (fig. 


15) show that in essence the ASD zone is a tabular structure. A figure 
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of 500 ft (150 m) was chosen as the best estimate of the distance between 
unschistose country rock on one side and unschistose country rock on the 
other. Up to 500 ft of schist are exposed on any one level. Taking into 
account that the zone is dipping, 500 ft from unschistose rock to un- 
schistose rock is a rough but adequate estimate. A figure of 300 ft will 
give a displacement of 750 ft (230 m); a figure of 700 ft will give a 
displacement of 1750 ft (500 m). 

Ramsay and Graham (1970) stated that the initial orientation of the 
principal extension direction of the first formed strain ellipse is at 
45° to the shear direction and also to the walls of the shear zone (see 
Figs 17A).¢. They reported that this angle decreases with increasing shear 
(fig. 17B). This seems quite Hata) but it is debateable whether 
there was neither rotation subsequent to schist formation nor second 
stage, translational slip analogous to that proposed by Schwerdtner 
(1973b). | 

Microscope Btudiestlanspten VII) indicate there are indeed micro- 
faults roughly parallel to the schistosity and the banding. Pillows 
within the basalts, and pebbles in the basal conglomerate of the Jackson 
Lake Formation provide evidence of horizontal flattening. It is quite 
possible that there was a reorganization of the schistosity subsequent to 
shear zone formation, during which the schistosity was rotated to remain 
approximately normal to the direction of greatest finite shortening (figs. 
19A and B). Prior to this flattening event the shear zone may well have 
had a gentler dip (cf. Escher and Watterson, 1974) and the internal schist- 
osity may have described a far more acute angle to the shear zone walls 


than it does today. Examination of fig. 16B will show that this angle is 
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Fig. 19. A: Gently dipping shear zone with small angle 
between schistosity and shear zone walls. 

B: Subsequent lateral compression causes 
rotation of shear zone. Nb. re-alignment of schis- 
tosity within the zone normal to direction of finite 
shortening. 
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critical in assessing the shear strain, especially where it is less than 
20° to the walls of the shear zone (e.g., where the relative orientation 
of schistosity to walls is 20°, y = 2.5; where it is 10°, y = 5.53 and 
where it is 5°, y > 11.0). Bearing this in mind, a shear strain of 2.5y 
must be regarded as a minimum figure. Shear strains of 5.5y and 3.7y 
were obtained for the Con and Campbell shear zones using the method out- 
lined above. The orientations, derived from Boyle (1961), were N278/53° 
and N278/63° for the Con shear zone and schistosity, and N273/47° and 


N276/63° for the Campbell shear zone and schistosity. 


Volume change may or may not be significant. Barr and Coward (1974) 
reported a method for measuring volume change which involves combining 
measurements of the strain ratio with the angle between the surface of 
finite longitudinal strain and the principal extension direction in either 
the XY or XZ planes of the strain ellipsoid (X2Y2Z). On variolites in 
basic volcanics from the.Antelope schist belt in Rhodesia, where X:Z = 5:1, 
they obtained two separate sets of measurements. One gave a volume gain 
of nearly 4%, the other a loss of 0.6%. Barr and Coward (1974) suggested 
the range represented a range of error rather than an actual range of 
volume change. However, in the Tati schists near Francistown, Botswana, 

a volume loss of more than 11% was obtained from chlorite spots in low- 
grade schists, where X:Z = 6:1. Unfortunately, the principal extension 
direction of the strain ellipsoid is not known at Giant so Barr and 
Coward's method could not be used. However, the rocks they looked at 
were Archean greenstones, apparently very like those at Yellowknife. One 
might therefore invoke similar volume changes for the Kam Formation. 

Shear strains at higher tectonic levels are usually less than in 
basement rocks where X:Z = 50:1 is more commonplace (Escher and Watterson, 


1974). Probably this is because more of the tectonic displacement at 
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higher levels is accommodated along thrusts and slides as opposed to 
penetrative ductile strain. Bak, et al. (1975) calculated shear strain 
values of 6.07 and above for the Nordre Stromfjord and Ikertoq shear belts 
of West Greenland, which are very much wider than the gold-bearing shear 
zones at Yellowknife (the Ikertdq shear belt is 40 km across), and which 
have strike-slip movements along them of up to 200 km (Bak, et al., 1975). 
Coward, et al. (1973) proposed similar transcurrent displacements to ac- 
count for regional deformation in the Limpopo belt. Glikson (1970) ob- 
tained strain ratios of 3:1 for the Kurrawang beds in the Kalgoorlie 
greenstone belt, Western Australia. 

Escher and Watterson (1974) proposed a model of simple shear for 
gently dipping thrust belts wherein the X (stretching) axis of the strain 
ellipsoid is transverse to the boundary of the belt. They noted that a 
"feature of the strain ellipsoid in simple shear is that the stretching 
axis is a are senned direction for the initial fold axis of fold initiated 
by buckling, because all planes which contain the X-axis also contain a 
shortened element; a plane initially parallel to the XZ-plane for example 
will develop buckle folds with axes parallel to the stretching direction" 
(Escher and Watterson, 1974, p. 229). As an example they cited supra- 
crustal rocks which are being deformed for the first time. According to 
Escher and Watterson's simple shear model the folds formed first will 
have axes which are parallel to the Y-axis and with homogeneous deforma- 
tion there should be no reorientation of the axes unless there was a 
change in shear direction. The so-called "drag folds" reported by Brown, 
et al. (1959) were not seen in the study area, and Brown, et al., did not 
report the orientation of fold axes. One could speculate that such "drag 


folds" are in fact equivalent to Escher and Watterson's buckle folds. 


First formed schistosity (parallel to XY plane) should be axial planar to 


such folds. 
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G. FAULTS, JOINTS AND FIBROUS LINEATIONS 

Price (1966) stated that a fault is a shear plane of fracture which 
exhibits signs of differential movement of the rock mass on either side 
of the plane. Joints are cracks and fractures along which there has been 
extremely little or no movement (Price, 1966). Both faults and joints 
are non-penetrative structures. They commonly display lineations - either 
grooved striae or fibrous mineral growths - that are due to slip along the 
Structures. Langenberg (1975) reported that the movement direction of the 
last deformation can be reconstructed using these lineations. Such "slip- 
linears" are the traces of the movement direction and thus they are the 
orthographic projection of this direction on the plane of shear (Langen- 
berg, 1975). If it can be shown that the traces of sliplinears on a group 
of random planes do in fact represent the orthographic projections of a 
Single line on those planes, then the regional kinematic direction can be 
determined (Cruden, 1971). ~ 

Consider the sliplinear traces and the shear plane containing them: 
Cruden (1971) termed the normals to the sliplinear traces on the shear 
plane "trace normals". He showed that if the trace normals lie on a great 
circle of a stereographic net, the traces are traces of a single lineation. 
The pole to this common great circle is the direction of the lineation 
(Cruden, 1971). 

A nearly conjugate set of faults cuts across the study area at Giant 
(see Chapter VI and fig. 3B). In fig. 20A the planes of these faults 
have been superimposed on the stereogram of all lineations (fig. 13A). 
Six lineation trace directions are evident, four of which plot on the 


faults striking north-south, and two of which fall close to the northeast 
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Fig. 20. A: Density diagram with lineations (2,5% contour interval - 
212 observations) and traces of the two major fault directions. 
] through 6: the six major lineations. 
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striking faults. Following Cruden's procedure, the trace normals were 
then plotted, as shown in fig. 18B. They lie on a great circle that 
represents an almost vertical north-striking plane, the pole to which 
is point P. P should therefore be the regional kinematic direction 
(Cruden, 1971). Because 87% of all the lineations observed are fibrous 
mineral growths (mainly carbonate minerals), so P must indicate a nearly 
horizontal east-west extension direction. (It is also possible to de- 
rive in the same manner a northwest-southeast extension direction by 
assuming lineations 2 and 3 (fig. 20A) lie on the northeast-striking 
faults. Trace normals would then lie on a great circle giving a pole 
at Q. However, this interpretation is not favoured owing to the linea- 
cron pattern Of Tig. lon.) 

The conjugate pattern of faults suggests that they were formed dur- 
ing compression, and their rough symmetry about the shear zone schist- 
osity indicates this occurred at about the same time the schists were 
formed. It is conceivable that ductile deformation gave way to brittle 
fracturing late in the shear zone's history. Relaxation of compres- 
sional stresses allowed such extensional structural features as mineral 
growth along the earlier formed fault surfaces. The Western Granodio- 
rite lies immediately west of Yellowknife. Its cooling and contraction 


would cause the east-west extension described above. 
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Chapter IX 
SUMMARY AND CONCLUSIONS 


Gold has been mined at the Giant Yellowknife Mine for nearly thirty 
years. Over six million tons of gold ore have been extracted from a 
series of schistose shear zones, yet a working model of the Giant struc- 
ture has not been published. This study has attempted to explain the © 
structural geology of part of the Giant Mine, and briefly relates it to 
the general structure of the Yellowknife area. 

The shear zones are the result of ductile Hetona a On that affected 

the Archean Yellowknife greenstone belt. A gneissic basement has been 
partially remobilized and granitic plutons have intruded the supracrus- 
tal rocks (McGlynn and Henderson, 1970). Greenstone belt formation, 
volcanism and sedimentation, anatexis and deformation of the supracrus-~ 
tal sequences have all taken place along great, linear mobile zones that 
were tectonically active until about 2500 my ago (e.g., Sutton, 1975). 
In the Yellowknife area, a syncline plunges south along Yellowknife Bay, 
and whereas its east limb comprises complexly folded sedimentary and 
volcaniclastic units, its west limb consists of a vertically dipping 
pile of mainly basic and intermediate extrusives (Jolliffe, 1942). 
These volcanic rocks have suffered deformation along shear zones. The 
base of the greenstones is not seen, it having been intruded by the 
Western Granodiorite, and the contact subsequently faulted by the West — 
Bay fault (Brown, 1955). Regional greenschist to epidote-amphibolite 
facies metamorphism is related to granitic emplacement (Boyle, 1961). 

Gold ore occurs in a system of schistose shear zones which strike 


about N30°, subparallel to the stratigraphy. They dip more gently than 
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the steeply dipping volcanic flows, which on the Giant property are 
overturned and dip west at 65 to 85° (Henderson and Brown, 1966). Dila- 
tant zones within the schists have allowed silicification and deposition 
of the sulphide ore minerals (Coleman, 1957; Boyle, 1961). The gold may 
have been transported as an oxidized chloride complex and dumped at 
moderate temperatures in the greenschist facies (Fyfe and Henley, 1973). 
The shear zones can be divided into those that are concordant and those 
that are discordant. The former tend to be narrow and discontinuous, 

but the latter locally attain hundreds of meters in width and contain 

the larger gold ore bodies (Boyle, 1961; Henderson and Brown, 1966). The 
Giant system is discordant, and crops out beneath the Baker Creek valley. 

Structural data were collected from four levels of the mine near 
its 'C’' Shaft in a series of 100 ft long straight line traverses. The 
observations were recorded on specially designed, computer-oriented 
fieid sheets. Information general to each traverse was noted on "tra- 
verse line sheets". Non-penetrative structures were described on "dis- 
continuity data sheets". Observations on rock types and penetrative 
structures were recorded on "lithology data sheets". The rules for 
recording data are given in the DISCODAT manual in the Appendix. 

The initial step in the creation of a data file was to punch the 
data from each field sheet onto computer cards. The information was 
subsequently transferred to tape. Files of line numbers, called “keys" 
referenced subsets of data (Ramsden, 1975). Mathematical manipulation 
of the data was based on the use of direction cosines of unit vectors. 
Built into the computer programs were corrections for bias caused by 


non-random orientation of the traverse lines (Terzaghi, 1965). A ser- 
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ies of equal area density diagrams was generated using the computer. 
These included diagrams for poles to joints, veins and faults, and dia- 
grams for the various lineations observed, notably fibres and grooves. 
Each such structural type was investigated by level and longitude, and 
by combinations of both. In total, the computer printed more than 200 
stereograms, with and without correction factors. 

Throughout the study area there is a nearly vertical joint set with 
a dip-direction of about N305° that reflects the penetrative mineral | 
schistosity of the shear zone. The central parts are characterized by 
a steeply soit estednap iG joint set, but lack another set, common 
elsewhere, that has a moderate to steep dip and a dip-direction just 
south of east. An approximately horizontal joint set is found locally 
everywhere in the study area. An approximately conjugate set of nearly 
vertical faults cuts the area. One group has a dip=difection of N320- 
345°; the other dips westwards. This conjugate set is bisected by the 
shear zone schistosity. Three sets of veins predominate: one has an 
orientation of about N240/75, another dips steeply eastwards (about N90/ 
85), and the third dips steeply to the south (N185/85). 

Of the observations on lineations on fault and joint surfaces, 
nearly 90% were fibrous mineral growths (mainly carbonate) and the 
remainder mostly grooved slickensides. All stereograms show a north- 
south girdle of points about a horizontal east-west axis. The trends 
and plunges of the four most prominent clusters of points are: N10-10°; 
N20-75°; N180-70°; N185-20°. Less common lineations plunge gently 
northeast and southwest. These lineations are "slip linears", and they 


represent the orthographic projections of a single line on the planes 
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on which they occur (Langenberg, 1975). Their trace normals lie ona 
great circle of a stereographic net, the pole to which is the direction 
of tectonic shortening or extension (Cruden, 1971). In this case, it 
can be shown there was an east-west extension direction, and extension 
is assumed to have occurred subsequent to the formation of the conjugate 
joint set. 

Thin sections were cut for the investigation of micro-structures 
and veins. Schistosity is locally enhanced by both (?) metamorphic ) 
banding and concordant vein development. Microfaults are a common fea- 
ture subparallel to the schistosity, and from place to place there are 
small folds. Thin shear zones locally cross the schistosity. Secondary 
econ anit quartz-carbonate and carbonate veining is widespread. Stain- 
ing revealed that ankerite becomes an increasingly important groundmass 
mineral towards the centre of the shear zones. Iron-free calcite is 
abundant in the groundmass and is the most important vein carbonate. 
Dolomite is a rare vein mineral. 

Strain analysis across the ASD zone was based on the fact that the 
schistosity in a shear zone is initiated at 45° to the shear direction, 
but that with progressive shear this angle decreases (Ramsay and Graham, 
1970). The orientation of the schistosity from various points across a 
shear zone will give a measure of the shear strain across the zone. 

It is possible to derive figures for the strain ratio and the relative 
displacement across the zone as well. Using this method it was con- 

cluded that the minimum shear strain across the ASD zone is 2.5y, that 
there was approximately 380 m relative thrust movement along the shear 


zone, and that the strain ratio is X:Z = 8:1((X2Y=Z in the strain 


ellipsoid). 


Ik ; a YR Rite i 
: a A - 


sho ol fuel anew ated sivahy enh 
nobsoaa tle gitd at MB know af oc oat stot 
of oago ete al irver ensbard} not | 
aot cdi x4 ‘bas. 9 OTS Tot soienase setts é 
seoutaoy. ana. 6 nottemar orth, ag snounpadiee Meru 


ni ae — 


a -y u Sd Al alee a tu 
°' Jeaudaladteeoiote ia ttephtaavat wits “ jee ctiose afd 
oiritreomadnns: (f}, dtod, wh beonstlas MFExoot at x 
— rpms % Bt wibuekono tt _tnemqotevets thy went 
ois cntt opale og santa. sage kas cet hanta? doe ant 02. Te its 
(ishaove: wibteotebise pad eaets vi banes aston -twale aa 


i 


% 
-. 


HI? -hewriqeatat af gabatey a2 e7ocwee bia eoend 
22 ehbesicary aeeiioigh lg omenonl: tie semi, s3tien al 
at witty eoyt-agad 2 ONO ws 5 a a 
penetra: shew inerrant teon 2 be a wore, 
Lid dir dC EN eae st ov aa 

oh: pond tout oii iach a gto MN a geno tens, ote 
MOF SO TD imme any Os TI me bp niet 2 pap “asia ent 
wore? une yeaa sensenowly ot pre ahah sane set aengorg tw ol 
B thiog tiatey awatay om i tentahdae. “eats va esnnenoRe: ‘o 
anor adhenonoe atendy ‘Waaite anit te AT te savas | 
wvtitetan si0 tne otter Mnva ot Wi oan Hat 220g ef Ph Li 
Ee Ce alls) aaartas trénoontaaty ie 
te? . 2.So8h anor SAR ants | i parse nate’ rane at 3 6ns bone | 1 


fee 


tovis ihe Fever) fra + ak plier at: 


. 


REFERENCES 


ANHAEUSSER, C.R., MASON, R., VILJOEN, M.J., and VILJOEN, R.P., 1969. 
A reappraisal of some aspects of Precambrian shield geology. 
Geol. Soc. Am. Bull. 80: 2175-2200. 


BAK, J.,; SORENSEN, K., GROCOTT, J.. KORSTGARD, oeAes NASHS°D Sand 
WATTERSON, J., 1975. Tectonic implications of Precambrian 
Shear belts in western Greenland. Nature 254: 566-569. 


BARAGAR, W.R.A.,;°1975. Miscellaneous data from volcanic belts at Yellow- 
knife, Wolverine Lake and James River, N.W.T. Geol. Surv. Can. 
Pap. 75-1(A): 281-286. 


BARR, M., and COWARD, M.P., 1974. A method for the measurement of volume 
change. Geol. Mag. 111: 293-296. 


BATEMAN, J.D., 1952. Some geological features at Giant Yellowknife. 
Geol. Assoc. Can. Proc. 5: 95-107. 


BOYLE, R.W., 1961. The geology, geochemistry and origin of the gold de- 
posits of the Yellowknife district. Geol. Surv. Can. Mem. 310. 


BRIDGWATER, D., ESCHER, A., and WATTERSON, J., 1973. Tectonic displace- 
ments and thermal activity in two contrasting mobile belts from 
Greenland. “Phil. Trans.7R. 50c.. bond.AZ73: .513-533. 


BROWN, C.E.G., and DADSON, A.S., 1953. Geology of the Giant Yellowknife 
mine... C.l.M. trans. -56: 59=/6- 


BROWN, C.E.G., DADSON, A.S., and WRIGGLESWORTH, L.A., 1959. On the ore- 
bearing structures of the Giant Yellowknife gold mine. C.I.M. 
rans. 627" "| O7s006 ee 


BROWN, I.C., 1955. Late faults in the Yellowknife area. Geol. Assoc. 
Can. Proc. 7: 123-138. 


CAMPBELL, N., 1947. Regional structural features of the Yellowknife 
area. Econ. Geol. 42: 687-693. 


1948. The West Bay fault, Yellowknife. C.I.M. Jubilee 
Vol., Structural Geology of Canadian Ore Deposits: 244-259. 


1949. The Con-Rycon mine, Yellowknife, N.W.T. C.I.M. 
Bull. 42: 288-292. 


CLIFFORD, P.M., 1972. Behaviour of an Archean granitic batholith. Can. 
J> Earth Scias92. 71=7/. 


CLOOS, E., 1947. Oolite deformation in the South Mountain fold, Mary- 
land. Geol. Soc. Am. Bull. 58: 843-918. 


COLEMAN, L.C., 1957. Mineralogy of the Giant Yellowknife gold mine, 
Yellowknife, N.W.T. Econ. Geol. 52: 400-425. 


102 


Caer’ 29.5 nae aly eh rt ber “a 2 
,“pafese bfside Wp TuMEoe 6 28 2 , 1 
coss-2018 aOR a ies 


“bas ,.0 aod ihe ; 
‘neticuecend ° ant he Tapat geiatest: 
042-pad + nag scr t ot) hosiery a 


wiisY te 2tfed ofnestay me Parcs sinenbrhessiet +f 
ye0 woud .fosd TAM verte camel me 


ann i To yqerestzcad: sat” tol Doro s Pee ah 
‘DEMERS, tft 


attuietis’ tat) Js vounteet Iiahyol ose 2 swe S28 “¢ +, 
; AOTAD: 2B om wee): 


ew Se; 7 7 / ee 
1b Yion of WW afehse bith eo TORE Ra 
OE eh aos wry - been veh tie po ie) reer 


ae 

~vafyet atagat ast fT, ..b, AOGRITIAW Bem «Ah GAS pea 8 

quory® he a abr aen pdt kav aie ‘en et siataae fanaa 
ASPET SAGA, lad 


dustiban hal? ate to vot ‘ 


aw eddiat ieee pa 
3.) lane } Ee nal oe ae 


seat hie sista preteite oft, int ao aie 


>t eh WELh POY wt ie a dees ata Gnokpan.' EF ma a 
Seawepsra 


a4 i 1 civasndl ies shoul ve 20 ett 
84> hes 0 atotaig) | Fos) . 7 By 
| ue 


+ rs +7 behets) -evit feck) oft re OD se y 
7 f | «S03 -889 iat | 


sand ie Rostiad: 2A bap 9 Bade A (hb Yap otis 
eit) sy oa 


ood eit? pbetneod spe ; 
on BIR OED 
arte bi ap ht lino hha 

, Uobetur 


f 


103 


COWARD, M.P., GRAHAM, R.H., JAMES, P.R., and WAKEFIELD, J., 1973. A 
structural interpretation of the northern margin of the Limpopo 
orogenic belt, southern Africa. Phil. Trans. R. Soc. Lond. 
A273: 487-491. 


COWARD, M.P., LINTERN, B., and WRIGHT, L.I., 1975. The pre-cleavage de- 
formation of the sediments and gneisses of the northern part 
of the Limpopo belt. Abs. in Programme and Abstracts, NATO 
conference: The Early History of the Earth. Dept. of Geology, 


The University, Leicester, U.K. 


CRUDEN, D.M., 1971. Traces of a lineation on random planes. Geol. Soc. 
Am. Bull. 82: 2303-2306. 


DUNNET, D., 1969. A technique of finite strain analysis using elliptical 
particles. Tectonophysics 7: 117-136. 


ELLIOTT, D., 1965. The quantitative mapping of directional minor struc- 
tures. Js°Geo!].«/3: , 865-880. 


1968. Interpretation of fold geometry from isogonic maps. 
J. Geol. 76: 171-190. 


ESCHER, A., and WATTERSON, J.;, 1974. Stretching fabrics, folds and crus- 
tal shortening. Tectonophysics 22: 223-231. 


EVAMY, B.D., 1963. The application of a chemical staining technique to 
a study of dedolomitization. Sedimentology 2: 164-170. 


FLINN, D., 1962. On folding during three-dimensional progressive defor- 


mation. »GeolwSoc.< Vond.).0ed. 118s «385-433. 


FOLINSBEE, R.E., 1942. Zone facies of metamorphism in relation to the 
ore deposits of the Yellowknife-Beaulieu region. Ph.D. thesis, 


University of Minnesota, Minneapolis, Minn. 


FRIEDMAN, G.M., 1971. Staining (Chapter 22). In CARVER, R.E. (ed.): 
Procedures in Sedimentary Petrology. Wiley, New York. 


FRIPP, R.E.P., 1975. Greenstone belt metamorphism and the genesis of 
certain mineral deposits in Rhodesia. Abs. in Programme and 


Abstracts, NATO conference: The Early History of the Earth. 
Dept. of Geology, The University, Leicester, U.K. 


FYFE, W.S., and HENLEY, R.W., 1973. Some thoughts on chemical transport 
processes, with particular reference to gold. Miner. Sci. 
Engng. 5:9 °295=303% 


FYSON, W.K., 1975. Fabrics and deformation and Archean metasedimentary 
rocks, Ross Lake - Gordon Lake area, Slave Province, Northwest 
Territories. “Gan. J.“barth Sci.” 12:7°765-776. 


GLIKSON, A.Y., 1970. Geosynclinal evolution and geochemical affinities 
of early Precambrian systems. Tectonophysics 9: 397-433. 


ws 


h’ Stef ,.& ,PISEAR wine 4 
nits aril to nitive Menten ont | 
bas) 202 8 sade ghind part 


Ap beg tink = or 
iepld yok es 
say. ; 


a nitay néfnecnq att, «eet — » HOTA i 
Bs ide i mtd te sn nee arbe 


wane ok ta re 


Bt" ne ge AP  eabeaet i ons ate; 
ee Ae § pine 
a; exp} hAsart BN i 2 Tee's an notaat. 
taal rn stemeltae nbd we 9h 


eb svtatalgorly, fenutemapt ieee: rest gah th iit 
Ce hee, ref, 


- Teed | ri 4) Aor 


{ wbe ) a 8 ah pier - ‘ fom ae PVer 7 
ie wal, ee ubsoond 


Yo zlzansg att bag ta iiigs sun 9 fa pape aver ane 4. a 


ine _switsrpoyy at. edh , gheMiont\ nd adteagnh ‘wisn tom piers. | afte 
is : EN iE tamtevstes: 0 Pit 


0215 a3 art ey: 
- Reel 72.0 died aT, .NOGF ry te » re 


srogerau? ie Ankds he 2a Rpwoddy. wine het ee EIR oo An 
sink sTanth. ..Wing a) SSeare tert aise 4 eld be cs Q - 


: POL maes 


Custis baceiat wyetay® bea nn ternoypst bne/ es tudits a i | 

Sree ohoil Joa 209% 'olet ‘ oe is one A 4 Senay Oa) 6 Glad, ¥e 3) ‘ 
. a Bh} weak <i Se Mat ee Sm 

* - ‘ a ' i 

Qa13 $12 TeaPeolaped: Be fulove Lent lorianed 
CFF-CCy 1D eere ag Mawes agrideecs 


‘ 


104 


GLIKSON, A.Y., 1972. Early Precambrian evidence of a primitive ocean 
crust and island nuclei of sodic granite. Geol. Soc. Am. 
Bull. 83: 3323-3344. 


GORAI, M., 1951. Petrological studies on plagioclase twins. Am. Min- 
eral. 36: 884-901. 


GREEN, D.C., 1968. Precambrian geology and geochemistry of the Yellow- 
knife area, N.W.T. Ph.D. thesis, University of Alberta, 
Edmonton, Alberta. 


GREEN, D.C., and BAADSGAARD, H., 1971. Temporal evolution and petro- 
genesis of an Archean crustal segment at Yellowknife, N.W. T., 
Canada. J. Petrol. 12: 177-217. 


GREEN, N.L., 1975. Archean glomeroporphyritic basalts. Can. J. Earth 
Score 2: 9s1770=1784, 


HENDERSON, J.B., 1970. Stratigraphy of the Archean Yellowknife Super- 
group, Yellowknife Bay-Prosperous Lake area, District of 


Mackenzie. Geol. Surv. Can. Pap. 70-26. 


HENDERSON, J.B., 1971. A contribution to the structural geology at 


Yellowknife, District of Mackenzie. Geol. Surv. Can. Pap. 
71-1B: 106-109. 


HENDERSON, J.F., 1943. Structure and metamorphism of early Precambrian 
rocks “between Gordon and Great Slave Lakes. aN Ws Ig. AN a wha SCI. 
241: 430-446. 


HENDERSON, J.F., and BROWN, I.C., 1952. The Yellowknife greenstone belt. 
Geol. Surv. Can. Pap. 52-28. 


1966. Geology and structure of the 
Yellowknife greenstone belt, District of Mackenzie. Geol. 
Surv. Can. Sullent415 


HOFFMAN, P.F., and HENDERSON, J.B., 1972. Archean and Proterozoic sedi- 
mentary and volcanic rocks of the Yellowknife-Great Slave Lake 
area, Northwest Territories. . XXIV Int. Geol. Cong., Montreal, 
Que., Excursion Guidebook A-28. 


JOLLIFFE, A.W., 1942. Yellowknife Bay, District of Mackenzie, Northwest 
Territories. Geol. Surv. Can. Map 709A. 


1946. Prosperous Lake, District of Mackenzie, Northwest 
Territories. Geol. Surv. Can. Map 868A. 


LANGENBERG, C.W., 1975. Report on sliplinears in the Granisle copper 
mine, B.C. Internal unpubl. rept., Dept. of Geology, University 
of Alberta, Edmonton, Alberta. 


mt 


inne avis tniva 8 Xe. ehh 


ee ani ing szef rina ne soibute Xe 


meting 
THM 


eng fom tiractoun feos wt wend bdpay A. 


‘Vas | 


vay miislet hat v lees Mee cae 
op Die rae. , om vy Bide ahs sate * 


rar-| ? al 


atk! mal fut 
» LER TRS Wy 


rennet ool ans sibhseh Foe FoiaFsS r Mbt stint ta 
faniieso .ptubadont Fay sivteie yaad) 


wedged 


i Preah 


ot 2 tee Mab toi seen ae 


‘bog. qottutove: bereggnat | ivet hws 


SFbarvolt oY) 28 Bauer ris eons SA NB 
ee ay sab: Sb 


A NR. Ate, fo ate 


C AINE nif al 4 


scieidies wh 
weber al 7” | 


s* cesta tnd, fiber tn Fae. eT oom a 


0 ee tide Thay "ott to @dget iat Cb if ¥o 


7 bere daqudaen 
ii 28h, ace | 


=A aa Pi 
just deh in 


ele y) a 


105 


McGLYNN, J.C., and FRASER, J.A., 1972. Archean and Proterozoic geology 
of the Yellowknife and Great Bear areas, Northwest Territories. 
XXIV Int. Geol. Cong., Montreal, Que., Excursion Guidebook A-27. 


McGLYNN, J.C., and HENDERSON, J.B., 1970. Archean volcanism and sedi- 
mentation in the Slave Structural Province. In BAER, A.J. (ed.): 


Basins and Geosynclines in the Canadian Shield. Geol. Surv. 
Can. Pap. 70-40: 31-44. 


1972. The Slave Province. In PRICE, 


R.A., and DOUGLAS, R.J.W. (eds.): Variations in Tectonic Styles 
in Canada. Geol. Assoc. Can. Spec. Pap. 11: 505-526. 


OERTEL, G., 1970. Deformation of a slaty, lapillar tuff in the Lake 
District, England. Geol. Soc. Am. Bull. 81: 1173-1188. 


PRICE, N.J., 1966. Fault and Joint Development in Brittle and Semi- 
brittle Rock. Pergamon, Oxford, U.K. 


RAMSAY, C.R., 1973. Metamorphism and Gold mineralization of Archean 
meta-sediments near Yellowknife, N.W.T., Canada. Ph.D. thesis, 


University of Alberta, Edmonton, Alberta. 
RAMSAY, J.G., 1967. Folding and Fracturing of Rocks. McGraw-Hill, N.Y. 


RAMSAY, J.G., and GRAHAM, R.H., 1970. Strain variation in shear belts. 
Canc 0. bartnisci.- 77.4) (60-813. 


RAMSAY, J.G., and WOOD, D.S., 1973. The geometric effects of volume 
change during deformation processes. Tectonophysics 16: 
ASE AT 


RAMSDEN, J., 1975. Numerical methods in fabric analysis. Ph.D. thesis, 
University of Alberta, Edmonton, Alberta. 


SCHWERDTNER, W.M., 1973a. A scale problem in paleo-strain analysis. 
Tectonophysics 16: 47-54. ~ 


1973b.. Schistosity and penetrative mineral lineation 
as indicators of paleo-strain directions. Can. J. Earth Sci. 
10: 1233-1243. 


SUTTON, J., 1975. Geodynamics of the early and mid-Precambrian. In 
Geodynamics Today. The Royal Society, London, U.K.: 85-91. 


TARNEY, J., DALZIEL, I.W.D., and DeWITT, M.J., 1975. Marginal basin 
'Rocas Verdes' complex from S. Chile: a model for Archean 
greenstone belt formation. Abs. in Programme and Abstracts, 


NATO conference: The Early History of the Earth. Dept. of 
Geology, The University, Leicester, U.K. 


td | i F<) 


4d 


_ ypotorn Stesotesord biti rides anh: pe 
pparron target zou eon wee vse t5a00 
TSA Soodsbrud HOMBRE ait 


rhea ray tassios Cen arie ORT 
fee? 6 A RRB E )eateay eT, | 


me. om ‘cana 


33004 wl .bowhvert SviE eal. 
onl? Pip eer ee Be i 


‘ : } | ae eras fi 
sagt oh A Wet ae Chas! ehel2, @ Wipers 
BU T-ONKT 218 i fue wr, Spe oad . baeten 


net bua st edheg at ig -mnolea 


ttt Patt Fi Bios rs REE ma 4 «Men 
A ce tat tig Us as re jase nN 


Y #4 een 


erisd tome a? goraattey, abd? 
‘Teast 


¢ mi 5 iS , 
wo tr Bo Pie AE >i piemtgag _ 
1a! gn stn at 


rotisent! (i rath ar itiilhdes a yitaurstnbe Pe . 7 
tt tl ode GD anon iN! age: 6 to 240d EMbntars 


/ ) ENS Toit Sa ) Dy 

of .ntiringet ate ot iphake ane W257 fea * | u ee. 
1 SAAD praited’ yoting teugs onT-+; aero 2) 
,) Whee ns 


mea) Inalwies .2vel., bait live ‘Des » sG.Wel 
Rena y ho rptore af iste ia \ pelt * 2 


aa gory i 


Te an sire cc ao 


106 


TERZAGHI, R.D., 1965. Sources of error in joint surveys. Geotechnique 
15: 287-304. 


TURNER, F.J., 1951. Observations on twinning of plagioclase in metamor- 
phic rocks. Am. Mineral. 36: 581-589. 


VAN LOON, H.W., 1951. The Story of Mankind. Liveright, N.Y. 


—— 


WILSON, G., 1961. Tectonic significance of small scale structures. 
Ann. Soc. Geol. Belgique 84: 423-548. 


WINDLEY, B.F., 1972. Crustal development in the Precambrian. Phil. 
Trans Rx S0C..-Lond.-Az/73: / 321-341. 


WINDLEY, B.F., and BRIDGWATER, D., 1971. The evolution of Archean low- 


and high-grade terrains. Geol. Soc. Australia Spec. Pub. 3: 
33-46. : 


4 . 
vamefem uf seat otealg +0 weg 


va 
ie 


i .tdprisvt 


aemibrete olade Mate 20 95 nye 
een 


1a¢%  ghsangaey4 et er ir fom a 


vol aged Sy coriteve oft FPP Le ‘soreuaead | 
{ gu? seed et lane 08 loge ceed Sarat ere 


j 
ve 
‘ie 2 
;' { ey 
iy ae 
re. Bi As 
: q' AS 
s . uf A) 
ea 
> p Vs ’ 
P f 4 7 
H r i . 
r ; ue i ; ’ 
R ; , =A. | 
iy +? 
| ‘ Tash 
o i 
ae oe 
2 
’ 
’ 
- 1 
7 
= ae | rr 
i 


APPENDIX 


107 


Rn i af a 
eS oee Lars aa ro ree * ” ae son ‘ q : 
P é a Vira e i 
: i 


iy bt an : 


as Yin ne “i ‘ ae Be ms 


i ; ne ie 
~ and ALS ms hd ime ey ae (iove Vi 
<< 


he 
: ae 
: ’ 
" 
: Y 
re a 
+ . | 
ad 
ey 
5 
; 4 
a M4 
Pos he 
RHIAN, 
ee: 
we, 
4 ? 
‘ 
a 
‘ 
+ e+ 
a } 
1% 
: iy 
7 : > 4,¢ 
| ! 
' } 
“* 
Q 4% 
» e," 
‘ 
1 an 
é 
a | 
z 5 


108 


PREAMBLE 

DISCODAT is a computer based system to aid the collection, retrieval 
and manipulation of data on discontinuities in rock masses. It aims to 
relieve the geologist of much of the tedious clerical work involved in 
transforming his observations into a model for the rock mechanics engineer 
but makes no attempt to supplant his judgment. 

The components of the system are three types of form for recording 
field observations, and computer software for retrieving, manipulating 
and displaying the data. This manual only describes the use of the forms. 
Though it offers some reasons for some of the rules it lays down, full 
appreciation of the logic-.of DISCODAT requires study of the software. 
While the system has conedlensbie flexibility, restrictions on the use 
of the coding forms should not be violated without considering the prob- 
lems this may cause in the software. 

The description of the coding forms that follows is aimed at those 
with an elementary knowledge of geology; a text, such as "A Manual of 
Field Geology" (Compton, R.R., 1962, John Wiley, New York), would supple- 


ment it. 


A. INTRODUCTION 
DISCODAT assumes that the geologist has explored by traversing or 
line mapping, walking on a bearing, recording what lies in his path. It 
then provides a correction (by Terzaghi's method) of the bias in his 
observations and a record of the position of each observation relative 
to the start of the traverse. DISCODAT is thus suited both to detailed 
mapping of adits and along benches in mines and to reconnaissance surveys. 


It can be adapted to the logging of drill core. 
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DISCODAT can be used for other survey systems but will lack the cor- 
rections described above. 

Data for DISCODAT is recorded on three types of form. 
l. The Traverse Line Sheet 

The traverse line sheet records information which is common to the 
whole traverse line. The grid coordinates of the start of the traverse 
line and its elevation, the direction of the traverse line, the structural 
domain and the rock formation the traverse crosses, the reference direc- 
tion of the peeevosraence and the geologist's personal ld6cation code can 
be entered. 
2. _The Discontinuity Data Sheet 

The discontinuity data sheet records discontinuities observed along 
the traverse line by type, orientation, filling, folding, and size and 
water content. Orientation and type of any linear structures on the dis- 
continuities, the rock type and the distance to observations can also be 
recorded. 
3. The Lithology Data Sheet 

The lithology data sheet records information on rock lithology, 
hardness, grain size, and the characteristics of any penetrative surfaces 


in the rock, its type, orientation, spacing, folding, and lineation. 


RECORDING RULES - 
The following rules for recording aim at making the completed forms 
as legible and unambiguous as possible. 
1. All letters should be capitals. 
2. All numbers should be right-hand justified. 


3. No decimal points should be inserted. 
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4. The letter "0" should be written @ to distinguish it from the num- 
ber zero. 

5. One is indicated by a vertical line and distinguished from the let- 
ter "I" by the horizontal bars on the top and bottom of the "I". 

6. Care is necessary to keep the letter "Q" distinct from the letter 
Ou 

7. The letter Z should be written Z to distinguish it from the number 
ae 


A detailed guide to the completion of each of the forms follows. 


MNEMONICS 

Tests show that data recording is slowed and errors occur if much 
numerical coding of non-quantitative information is used. These errors 
could have serious consequences for the whole analysis. Using mnemoni- 
cally coded abbreviations reduces the likelihood of recorder error and 
. Simplifies checking the forms. 

Mnemonics can initially be generated by the following rules (Frank- 
lin System): 
1. Preserve the first letter of all words. 
Delete in order a, e, i, 0, U, W, h, y. 


Delete one of each double. 
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5. Truncate from right to the required number of letters. 


SIZES 


An extended, modified Wentworth scale can be used to indicate size. 
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Description Size Limits Code 

> 60 m N 

20 - 60 m M 

6 - 20 m L 

2-6m K 

O:65= 22m J 

Boulders 0.2 - 0.6 m I 
Cobbles 60 mm - 0.2 m H 
Coarse Gravel 20 - 60 mm G 
Medium Gravel 6 - 20 mm F 
Fine Gravel 2 - 6 mm E 
Coarse Sand 0.6 >=. 2:mn D 
Medium Sand 0.2 - 0.6 mm C 
Fine Sand 0.06 - 0.2 mm B 
Silt, Clay < 0.06 mm A 


This size scale is employed to describe grain size, spacing and the size 
of discontinuities. An average pace is about a metre in length. Fine 


sand grains are just distinguishable by the naked eye. 


B. IDENTIFICATION 
The code identifying the traverse line sheet is also placed for 
reference on the other two sheets. It plays no part in calculations 
but may be used for sorting data. 
~The code is formed by placing the year in the first column (1971 = 
1, 1972 = 2) the observer's initials are in the next two columns and the 


station from his records is in the final columns (maximum station number 


is 9999). 
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UTM COORDINATES 

The Universal Transverse Mercator (UTM) grid is a world-wide system 
of 60 zones, each six degrees of longitude wide and extending from the 
equator to the 80th parallel of latitude, north and south (in Canada, 
the grid is extended to 84°N). 

In Canada, the UTM grid is shown on the NTS standard series of maps 
at scales of 1:250,000, 1:50,000, and 1:25,000 and on some maps at scales 
of 1 inch to 1 mile, 1 inch to 4 miles and 1 inch to 8 miles. 

Northing and easting grid lines form the squares, and intersect in 
grid coordinates. The grid coordinates of a point have three parts: 

1. The UTM zone number in which the point is located. 

2. The easting, the number of metres from the left boundary of the zone 
to the point. 

3. The northing, the number of metres from the equator to the point. 

In the UTM system, the location of a point anywhere in the world can 
be expressed to the nearest metre as a 15 digit number. Record the coor- 
dinates of the start of the traverse. The first 2 digits are the zone 
number; the next 6 digits represent the easting and the last 7 digits 


represent the northing. 


ELEVATION 
The elevation of the start of the traverse line in feet above sea 
level. Elevations below sea level are indicated by a negative sign in 


the first colum. 
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LOCAL GRID 
Space is provided for any local numerical rectangular grid coordi- 
nates. Numbers should be positive, decimal points omitted. The easting 


is the first six columns and the northing in the next six columns. 


TRAVERSE DIRECTION 

Plunge is the inclination of the line of traverse to the horizontal. 
No record indicates a horizontal traverse line, uphill traverses are in- 
dicated by a negative sign in the first column. 

Trend of the traverse line is measured in degrees clockwise from 
true north. Trends directed to true north should be recorded as 360. 

No record indicates no observation was made hence Terzaghi's correction 
cannot be calculated. 

In a magnetically disturbed area the required value of the trend 
cannot be entered immediately. The minimum information necessary is an 
accurate location of the start of the traverse, a bearing onto some dis- 
tant object whose position is known and the bearing of the traverse. 
These two bearings can be made with a Brunton compass and entered under 


remarks on this sheet. 


PIT BENCH 
1. _ Level 
Bench level is recorded in these four columns by the system operated 
at the mine. Popular systems include numbering consecutively from the 
top of the pit downwards or recording the height from bench to surface. 


a Location 


A three letter code for the location of the bench face being mapped. 
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DOMAIN 

A preliminary analysis of the geology of the area should allow its 

division into areas in which the fabric of the rock mass is statistically | 

homogeneous. These areas are termed domains. They may be lettered using 
the local grid, AA is the domain at the origin, AB is the next northerly 


domain. BA is the next unlettered easterly domain. 


FORMATION 
The geological formation or unit to which the lithology belongs is 


recorded to a 3 letter mnemonic formed by the rules of Appendix 1. 


REFERENCE DIRECTION 
If a Brunton or Freiberg compass is used to measure the orientation 

of surfaces in the survey, the origin of the horizontal circle should 
coincide wtih the mark or pin on the casing. The compass should not be 
adjusted to read true north. 

| Enter the magnetic declination on a 360 degree scale (for example, 
if magnetic north is locally 15 degrees west of true north, enter 345). 
If a Brunton compass is being used enter the magnetic declination plus 
90 degrees; if this figure is greater than 360 degrees subtract 360 de- 
grees and enter the result. For true north, use 360 (not 000). If mea- 
surements have been made using a clinorule, enter here the trend of the 
traverse minus ninety degrees. If this is less than or equal to zero de- 


grees, add 360 degrees and enter the result. 
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REMARKS 
Other information - date of mapping, duration of exposure of rock 


face, more detailed descriptions of rocks, reliability of exposure, etc. 


C. DISCONTINUITY 

Discontinuities recorded under this classification should be non- 
penetrative on the mesoscopic scale (the scale that ranges from large | 
hand specimens to outcrops). Information about penetrative discontinu- 
ities should be recorded on the lithology survey sheet. 

Typically, unconformities and faults are non-penetrative structures 
whereas bedding and cleavage are penetrative structures. However, when 
units are extremely thickly bedded the bedding may be treated as a non- 
penetrative structure. Similarly bedding planes showing evidence of 
Slip should be treated as non-penetrative faults or shears. 

When jointing is very closely spaced and regular, as, for example, 


the cleat in some coals, it may be treated as a penetrative structure. 


SURFACE NUMBER 
Observations on discontinuities are numbered in sequence from one 
along the exploration line described on the traverse line sheet. Up to 


99 observations can be accommodated before a new traverse must be started. 


DISTANCE 
Record the distance along the line of traverse from the start. Units 
are tenths of a foot (decimal points omitted) and measurement is to where 
the projected discontinuity surface would cut the tape stretched along 


the face. Most common length of a traverse is 100 feet. 
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PE: 

The type of discontinuity is recorded as a three letter mnemonic 
formed by the rules specified in Appendix 1. Mnemonics follow the def- 
inition of each discontinuity type. These structures are illustrated 
in Figure 3. 

1. Axial Surface (AXS) 

Surface joining the fold axes on successive folded surfaces. 

2. Bedding (BDG 


Regular layering in sedimentary rocks marking lithological contacts. 


Closely spaced parallel surfaces of fissility in unmetamorphosed 
rock not parallel to lithologic contacts. 
4. Contact (CNT) 

Surface between two rock types, one or both of which is not sedi- 


mentary. 


5. Fault (FLT) 


Surface of shear recognizable by the displacement of another surface 
that crosses it. Faults can be classified by the direction of slip of the 
fault block which rests on the fault plane (the hanging wall block). Re- 
fer to slip and separation under type of lineation. 

6. _Gneissosity (GNS 

Surface parallel to lithological layering in metamorphic rocks. 

This term should also be used to describe suspected flow banding in ig- 


neous rocks. 


7. _ Joint (JNT) 


Fracture in rock mass along which there has been no identifiable 


displacement. 
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Sua. OChISLOS1EVCSCS 

Surface of easy splitting in a metamorphic rock. It is defined by 
the preferred orientation of metamorphic minerals. 
9. Shear (SHR) 

Surface of shear without identifiable displacement. It can be rec- 
ognized by slickensides, polishing or slickness of the surface or stria- 
tions on the surface. 

10. Unconformity (UCF 
Eroded surface covered by sedimentary rock. 
11. Vein (VIN 
Fracture in rock with a filling apparently injected at the time the 


fracture formed. 


ORIENTATION 
Lewy trike 

The direction of a horizontal line on the discontinuity. Looking 
up the direction of dip, measure the orientation of the right hand end 
of the strike line. This is usually done with a Brunton compass. The 
compass should not be adjusted to read true north. If a Freiberg com- 
pass is used, record the dip direction of the discontinuity under 
strike; again, the compass should not be adjusted. 

The regional magnetic field is, however, locally distorted by some 
ore bodies and by metal pipes and tracks within five paces of the out- 
crop. In this case, traverse directions should be arranged so that the 
rock face lies to the observer's left when facing down the traverse. 
Then, facing down the traverse, measure in a clockwise sense the angle 


between the trend of the traverse (zero degrees) and the strike line 
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using a Clinorule. Place one end of the rule horizontally on the discon- 
tinuity and open the other to parallelism with the traverse tape. 

Refer to the discussion under Reference Direction. 
Zeng aDap 

The maximum acute angle the discontinuity makes with the horizontal 
can be measured with a clinometer or clinorule. 

If a clinorule has been used to measure the strike, record the dip 
as negative if the dip direction is anticlockwise from the measured strike 


direction. 


SIZE 
The maximum lengths of the discontinuity visible parallel to the 
strike of the discontinuity and parallel to the dip of the discontinuity 
are recorded in separate columns. The lengths are eee oe according 
to Size under Section A. 
If only one termination of the discontinuity is visible in the strike 
direction record 1 under Strike Ends. If no terminations are visible, 


record 2. Terminations in the dip direction can be similarly recorded 


under Dip Ends. 


INFILLING 
Infilling includes any material that occurs patchily on the discon- 
tinuity. Material that is continuous over a discontinuity should be 
mapped as a separate lithology. Infilling is thus taken to include ma- 
terials derived from breakage of the country rock due to fault movement, 
material weathered in-situ and infilling materials deposited between the 


structural planes (calcite, quartz, and evaporites). 
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jade Type 


The type of infilling material is recorded using single letter mne- 
monics. We can easily distinguish: 
a) Breccia (B); coarse angular fragments or rock from the walls of 


the discontinuity. 
b) Calcite (C); soft, white and soluble. 


c) Evaporites (E); gypsum, halite, anhydrite, etc. 

d) Feldspar (F); hard, easily weathered, good cleavages, insoluble. 

e) Mud (M); disaggregated rock (soil) in which individual grains 
are not visible. 

f) Ore (0); valuable. 

g) Quartz (Q); hard, resistant to weathering, white. 

h) Sand (S); disaggregated rock (soil) in which individual grains 
are visible. 

i) Coal (Z). | 

The more abundant material should be listed in the first of the two 


columns. 


WATER 
We can distinguish: 
Code 
1 The discontinuity is tight; water flow along it is not possible. 
2 The discontinuity is dry with no evidence of water flow. 
3 The discontinuity is dry with evidence of water flow, rust staining 
of discontinuity surface, etc. 
4 The discontinuity is damp but no free water is present. 
5 The discontinuity shows seepage, occasional drops of water, no con- 


tinuous flow. 
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Code 


6 The discontinuity shows a continuous flow of water. 


ROUGHNESS 


We can distinguish different second-order asperity size ranges on 


discontinuities. 
Category 
1 Polished surface 
2 Smooth 
3 Defined ridges 
4 Small steps 
5 Very rough 


WAVINESS 

Waviness is measured by placing a clinorule on the discontinuity 
surface in a direction normal to the crest (or axis) of the waves. Then 
open the rule until the opening arm touches the surface. Move the posi- 
tion of the hinge on the surface until the angle between the arms of the 
rule is at a minimum. Record the angle in degrees between the arms 
(which should be open to the full foot length when making this measure- 
ment). Planes will be recorded as 180, no record indicates irregular 
or inaccessible waviness. 

The pitch of the axis should be recorded under line pitch and fold 


axis should be recorded under line type. 
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LINE TYPE 

The type of linear structure is recorded as a 3 letter mnemonic 
formed by the rules of Appendix 1. The mnemonics follow each definition. 
No record in this space indicates no observation was made. 

We can distinguish the following types of line (Fig. 5). 
1.  Striae on slickensides fall into two types: a linear fibre elonga- 
tion caused by parallel growth of elongate crystals in the slickensides, 
here called fibrous (FBR), and grooves cut by asperities to the fault 
surface (GRV). 
2. A fold axis is the generatrix of the fold -- the line which moved 
parallel to itself would generate the folded surface (FDX). 
3. The slip on a fault is the direction the hanging wall block has moved 
with respect to the footwall block. The slip direction can be measured 
when a point on the hanging wall can be identified with a point on the 
footwall or when striae can be seen (SLP). 
4. Separation. A uniformly dipping bed of rock intersects a fault plane 
ina line and observations of the displacement of the bed by the fault can 
only estimate slip perpendicular to the line of intersection; the compo- 
nent of slip along the line of intersection remains unknown. Most geolog- 


ical observations are of apparent slips or separations (SPR). 


LINE PITCH 
Measure the clockwise angle on the plane from the right-hand end of 
the strike line of the plane to the line which is to be recorded. Use 
the 360 degree scale -- an upward slip direction making an angle of 45 
degrees with the right-hand end of the strike line would be recorded as 


315. Record the downward pointing ends of axes. 
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The measurement is simply made with a clinorule by placing one arm 
horizontally on the surface and opening the other to parallelism with the 


line. 


ROCK TYPE 
Letter the different rock types encountered along the traverse (and 
described on the lithology sheet) in sequence from A. Record here the 


lithology up traverse from the discontinuity described. 


IDENTIFICATION 


See Section B - Identification. 


D. NUMBER 

Recorded lithologies are numbered in sequence from one along the 
traverse line. | 
los Rock Type. See Section C - Rock Type. 
Comet ENO LOGY. 

The lithology up traverse from the discontinuity being described is 
recorded using a three letter mnemonic. Rock exposed down traverse is 
recorded with the next surface observation. 


A preliminary list with mnemonics can be conveniently divided into: 
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IGNEQUS ROCK 


Plutonic Volcanic 
Anorthosite NRS Andesite ADS 
Diorite DRT Basalt BSL 
Gabbro GBR Dacite DCT 
Granite GRN Latite LTT 
Granodiorite GDR Pegmatite PGM 
Monzonite MZN Rnyolite RLT 
Peridotite PRD Trachyte TRC 
Syenite SNT 


A field guide to the use of these names is given in the following 


table. 


NOMENCLATURE OF IGNEOUS ROCKS 


Plagioclase Content as 


% of Total Feldspar Quartz < 10% Quartz > 10% 
SYENITE GRANITE 

Less than 1/3 
Trachyte Rhyolite 
MONZONITE QUARTZ MONZONITE 

1/3, to. 2/3 
Latite 
DIORITE GRANODIORITE 
GABBRO (pyroxene Dacite 
present) 

pone. them 2rs ANORTHOSITE 


(plagioclase only) 


Andesite 

QUARTZ DIORITE 
Basalt (pyroxene and (rich in hornblende 
olivine present) and pyroxene 


PERIDOTITE 
Less than 10% Feldspar | (more than 5% olivine) 


Special Types PEGMATITE - silicic, dyke rock having conspic- 
uously coarser texture than parent 


Coarse Grained Rocks 
Fine Grained Rocks 


NOTE: UPPER CASE 
Lower Case 
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Amphibolite 
(AMP) 


Granulite 
(GRL) 
Gneiss 
(GSS) 
Phyllite 
(PHL) 
Slate 
(SLT) 


Schist 
(SCS) 


Quartzite 


(QRZ) 


Hornfels 
(HFL) 


Marble 
(MBL) 


Skarn 
(SKR) 


Mylonite 
(MLN) 


Augen Gneiss 
(AGS) 
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METAMORPHIC ROCKS 


Regional Metamorphism 


medium to coarse grained, dominantly amphibole and plagio- 
clase, commonly massive but possibly foliated and layered. 


fine grained, pyroxene, garnet and quartz in flattened 
lenticles oriented parallel to the foliation, hornblende 
or mica minor. 


dominantly quartz and feldspar, roughly or poorly foliated, 
foliation may be accompanied by compositional layering. 


fine grained, abundant chlorite and mica define foliation 
surfaces. Grain size intermediate between slate and 
schist. 

very fine grained rock possessing very good cleavage. 

rich in lamellar or platy minerals (micas) in sub-parallel 


orientation, quartz or feldspar may occur. 


dominantly quartz, uniform grain size. 


Contact Metamorphism 


fine to medium grained, without preferred orientation, 
cleavage is absent, large crystals of garnet, andalusite 
or staurolite may be present. 


mainly calcite or dolomite, foliation weak. 
hornfels with pyroxene, garnet and carbonate. 


Cataclastic 


fine grained, foliated rock which has been completely 
pulverized by extreme differential movement. 


gneiss with lensoid grains in finer grained groundmass. 
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SEDIMENTARY ROCKS 
Detrital 


quartz and more than 25% feldspar. 
consolidated (rounded) clastic particles larger than 2 mm. 
quartz, feldspar, rock chips, pelitic matrix, angular 
grains, tough, greenish grey colour. 

consolidated mud, clay minerals. 

dominantly quartz, feldspar less than 252%. 

clay minerals, finely fissile. 


indurated silt. 


Biogenic 


silica, grain size less than 1/256 mm, bedded, nodular or 
massive. 


carbon. 


chiefly dolomite, massive. 
halite, anhydrite, gypsum. 
chiefly calcite, massive. 


mixture of iron, clay, silica, and carbonate. 


Pyroclastic 


consolidated angular clastic particles larger than 2 mm. 


consolidated ash. 
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3. _ Hardness. 

A set of simple mechanical tests can be used to classify the hardness 
of a rock. The classification gives a first estimate of the unconfined 
compressive strength of the material. 

a) SI (Very Soft) - Easily mouled by hand, shows distinct heel marks. 

b) S2 (Soft) - Moulded by strong hand pressure, shows faint heel 
marks. 

c) S3 (Firm) - Moulded with difficunty, difficult to cut with hand 
spade. 

d) S4 (Stiff) - Cannot be moulded by hand, cannot be cut with a hand 
Spade and requires hand-picking for excavation. 

e) S5 (Very Stiff) - Difficult to move with handpick, requires 
pneumatic shovel for excavation. 

f) R1 (Very Soft Rock) - Crumbles under firm blows ath point of 
geological pick, can be peeled by a pocket knife. 

g) R2 (Soft Rock) - Can be peeled by a pocket knife with difficulty, 
shallow indentation made by firm blow of geotogical pick. 

h) R3 (Average Rock) - Cannot be scraped or peeled with a pocket 
knife, specimen can be fractured with single firm blow of hammer 
end of geological pick. 

7) R4 (Hard Rock) - Specimen requires more than one blow with hammer 
end of geological pick to fracture it. 

j) R5 (Very Hard Rock) - Specimen requires many blows with hammer 
end of geological pick to fracture it. 

4. Grain Size. 
Record in successive columns the size of the finest and coarsest 10% 


of grains in the rock. Use the scale in Section A - Size. 
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SURFACES 

Most penetrative surfaces will be tight to water. Those that are 
not should be recorded on the discontinuity data sheet. Similarly sur- 
faces showing any infilling belong on the discontinuity data sheet. 

This classification is intended to reduce the labour in recording 
closely spaced surfaces which are uniformly oriented over large areas. 
The size of the surfaces will always fall in the size classification 9. 
I> Type 

Clearly not all individual examples of a penetrative surface need 
be measured. The surface should be sampled whenever there seems to be 
a change in its orientation and then at least five measurements of sep- 
arate planes should be made. 

Classification is as in Section C - Type. 
2. Orientation 

Bedding planes have a facing direction, and overturned bedding can 
be recorded as having dips greater than 90 degrees. 

See Section C - Orientation. 
3. Spacing 

The average spacing between penetrative discontinuities can be 
classified using the familiar grain size scale (see Section A - Size). 
4. _Waviness 


See Section C - Waviness. 


LINE 


1. Type. See Section C - Line Type. 
ae Pitch. See Section C - Line Pitch. 


.2 netieat?izezsT> asl seit: nt hat sae 0 gaa ot 


~yoe Yo 2inonarecess ovl? desel 96 nad? bas noty sina Pra ett 


tap oa fhbeon De ind ad aS wake saga i ie & 


ove tomt geodt.1oeew,e9 sieht: se | fa 
ye Ylrst tate mhiats pi oh, leat ononat 8 s ie boy 

, Ppartig stab, ‘ci tuntinooal ra ao ‘goated: ey 
patbroon at 4 pe r wiht eather ot behoaray., ees 
pheta wpyel seve Berns 14. ra atin Ot oe 
oh 


+ 
mere oh? -— 


| : | > ae 7 
bson saat vis evtaerdaneg 6 ta gmtaieanp teub tbat! (Te ton ate i) 
a¢ oJ gmose sot sevenodw hefaipe 30 iver: ‘poste, sor | 


- 
Ry a : 


pam ed stupas & vont 
“aayt = 3 bai ohm ah inner 


> 
‘ve 

is a ig 
iP ts ie 
, dle. er 


eigen aati Wiese aghh: prbyed. en t le mt 


nae | Penuitts a otsaee ae pre 

) nt ‘e= 

| i! hee a ca” in i. oe 

Le saltineniliedal pore sini bataeae maaaetts oped 

‘teat? ~ Alngbnsae net ioe ‘site atone, vat Tie ae ontew uae © 4 
\ ' 

fo be 


anni: | peel Sree ot 
one 
Sit onbk.+ 3 nats 
rd sR SS 9 0 
Pal 


’ | Y iol 


128 


IDENTIFICATION 


See Section B - Identification. 
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